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PREFACE

The Physics Survey Committee was appointed by the President of the
National Academy of Sciences in mid-1969 to survey the status, op-
portunities, and problems of physics in the United States. Volume
I of Phyvic;; Pc:ropact7:ve constitutes the full report of the
Committee. This and the companion parts of Volume II, complete the
report of the survey.

The Survey Committee early concluded that it was essential that
it obtain detailed information from experts in each of a number of
physics subfields and interface areas. For each of these subfields
and interface areas a chairman was appointed by the Chairman of the
Survey Committee, and groups of recognized experts were brought
together to survey and report on their respective subject areas.

Several of the subfields have relatively well-defined and
traditional boundaries in physics. Included are the core subfields
of acoustics, optics, condensed matter, plasmas and fluids, atomic,
molecular, and electron physics, nuclear physics and elementary-
particle physics. The reports of these panels constitute Part A of
Volume II. In addition, there are several important interface
areas between physics and other sciences. These are examined in
Part B of Volume II. In the case of astronomy, where activity is
particularly vigorous at the interface and is overlapping, the
Physics and Astronomy Survey Committees agreed to form a joint
panel that would report on astrophysics and relativity, an area of
special interest to both. The bioad area in which physics overlaps
geology, oceanography, terrestrial and planetary atmospheric studies,
and other environmental sciences was defined as earth and planetary
physics, and a panel was established to survey it. In covering
the physics-chemistry and physics-biology interfaces, the broader
designations "physics in chemistry" and "physics in biology" were

9



chwion [0 dy,11 ii i ito th0 tei i 11,1111Thi to the alteadv
ttaditional boundaries s. iltordk, iplinarv tieldh.

Although oath particularly thwic re,ipoulithlo for tho
core hublields. .was asd to tqeilder the interaction of its sub-

tiefd with technology, the Cemmittee anticipated !hat the emplhilh
would he on recent developm entn that advanced the state of the art
and on what in generally dencribed an Therefore,
to include more npe.Afically the active inntrumentation interface
between physics .nnt the more traditional manufacturing sectors of
the economysteel, drugs, chemicaln and consumer goods, to name
only a few, in which many old parametern are being measured and
controlled in new and ingenious ways--a separate panel was
entahlished.

Panels were also appointed to centralize the statistical data-
collection activities of the survey and Co address the questions of
physics in education and education in physics. In addition, an
extended report on the dishomination and use of the hiformation of
physics was prepared by a member of the Committee. With the excep-
tion of the one on statistical data, all these reports are included
in Part lb of Volume [if the Statistical Data report constitutes
Part C of Volume II. The Survey Committee is deeply grateful to
Conyers Herring, Chairman of the Statistical Data Panel, who saw
this (Cfort through to completion and to others who assisted in
the gathering and analysis of thl2 statistical material that forms
the basis for this report.

Support for the survey activity has been provided equally by the
Atomic Energy Commission, the Department of Defense, the National
Aeronautics and Space Administration, and the National Science
Foundation. Additional assistance has been provided through grants
from the American Physical Society and from the American Institute
of Physics.

To these agencies and to other organizations and individuals who
helped to make this survey possible through their contributions, I
express both my personal thanks and that of the Committee and its
panels.

D. ALLAN BROMLEY, Chairman
Physics Survey Committee
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INTRODUCTION

1.1 Nature of This Report

When the Physics Survey Committee was established by the National
Academy of Sciences in 1969, it was decided that among its numer-
ous panels there should be one charged with coordinating the col-

lection and analysis of statistical data relating to the sociology
and economics of the physics enterprise. The reasons for setting

up such a panel were of two sorts, which may be categorized as

"internal" and "external." To make the work of the Survey Com-
mittee internally consistent, the various subfield panels obviously

needed to adopt uniform definitions and, whenever possIble, to ob-

tain data from comparable sources. Moreover, the gathering of data
from external organizations, such as government agencies, indus-

tries, and universities, obviously could be carried out more ef-

ficir_ntly and with less inconvenience to these organizations by a

single Data Panel than by many independent subfield panels. There-

fore, as much of the gathering of socioeconomic data as possible

was to be channeled through the Data Panel.
In addition to its primary function of serving the Survey Com-

mittee and the subfield panels in the manner just described, it
was also thought that, after the data needed by these groups had
been collected and turned over to them, the Data Panel might pre-

pare an exhaustive and systematic compendium of data relevant to

the functioning of the physics community. If such a compendium

could be prepared, and periodically updated, it would be tremen-

dously useful to physicists, research and educational organiza-

tions, government agencies, and the like. Unfortunately, this

report is not the compendium that was envisaged. The demands on

the time of the Data Panel and its staff proved of longer duration

than had been anticipated, and almost no time was left for a

1467
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1468 PHYSICS IN PERSPECTIVE

leisurely assembling of data on a large scale. Moreover, funds
available to the Survey were limited, and it seemed wasteful to re-
publish data already presentee elsewhere, especially in the earlier
volumes of Physics in Perspective, merely to have all the data pre-
sented together.

The philosophy adopted for this report is, therefore, not en-
cyclopedic but rather a philosophy of making publicly available,
in as orderly a manner as possible, those 'rems of data in our pos-
session thaemay be of interest to the phy.,-s community and others
and that have not been presented elsewhere. Because of the latter
condition, the resulting collection is something of a hodgepodge.
We have tried to ameliorate this situation to some extent, however,
by occasional cross-references to data presented in other volumes
of Physics in Perspective, and by including, in Chapter V, a con-
densed but we hope usable index to data presented in the figures
and tables of this and the other volumes.

1.2 Sources of Data

1.2.1 TYPES OF DATA AND SOURCES

Most, though not quite all, of the data of interest to us are
represented by numerical values of some dependent variable y,
shown in their dependence on one or several independent variables
x, which may or may not be identified by numbers. One encounters
the following types of dependent variables y:

1. People: i.e., numbers of persons or fractions of some popu-
lation. Thus, the entry in a table or the ordinate of a figure
may be "number of physicists," "number of students," "fraction of
respondents," etc.

2. Money: Typical quantities tabulated or graphed are dollar
amounts of support, salaries, costs, etc.

3. Publications: i.e., such things as number of papers, frac-
tion of papers, number of books or reports, etc.

4. Miscellaneous: The number of quantities other than the
three types mentioned above, for which numerical data can be given,
is of course large. They can be as diverse as "average age,"
"maximum voltage of accelerators," "time lag between submission
and publication," etc. However, it is not unreasonable to group
all these together in a miscellaneous category, as all such items
together seem to constitute a rather less bulky fraction of the
material of interest to a study such as ours than do the three
preceding categories.

We shall use these four categories as the basis for the organi-
zation of our index in Chapter V. Table 1.1 gives some crude in-
dicators of the relative bulk of material one is likely to en-
counter in each of these categories. The top row of figures re-
fers to an extensive bibliography of sources of data about physics
and physicists compiled a few years ago for.the American Institute

1 4



Introduction 1469

of Physics (AIP) by Professor A. L. Harvey.* Here, the numbers

represent the number of documents the principal emphasis of which

is on data of each of the four types. In the other rows of

Table 1.1 the entries represent numbers of figures and tables, the

ordinates or entries of which represent data of each of these types.
In sheer bulk, it appears that in all cases data on people are the

most voluminous.

TABLE 1.1 Distribution of
Major Categories

Data in Various Collections over Four

Number of Items
Presenting (or
Emphasizing) Data
of Each Category

Category
People Money Publications Misc.

Mcuments referred to
in the Harvey Reporta

334 73 :15 174

Figures and tabdes in 184 184 40 122

Physics in Perspective
Vols. I, IIA, 11B

This volume, excluding 168 21 29 18

Appendix

aFrom its "Index by Data Category." The numbers add to consider-

ably mure than the 220 documents indexed, because many documents

contain important data of more than one type. The entry L, in the

publications column is a guess based on scanning titles of docu-

ments.

Usually the interest of data of any of these types lies in its

dependence on various auxiliary variables. The important cate-

gories of such variables are the following:

1. Time. It is nearly always of interest to know how any given

quantity has been changing over the years.
2. Discipline or type of activity. One may compare physics

with other sciences and subdisciplines of physics with one another

-.or contrast basic research with applied research, with teaching,

etc.

*Harvey, A. L. Statistical Data Resources of Physics and Physi-

cists: An Index. New York, N. Y. :Education and Manpower Divi-
sion, American Institute of Physics (Pub. R-228), 1970.
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1470 PHYSICS IN PERSPECTIVE

3. Geographical or institutional entities. For example, one

may compare different countries with each other, universities with
industrial or government laboratories, research funded by differ-
ent agencies, etc.

4. Characteristics of persons. When the dependent variable y
is a number of people or a fraction of a population, it can be
'presented as a function of various other characteristics or quanti-
ties besides the ones just named. Examples are age, sex, posses-

sion of certain degrees, academic rank, etc. Table 1.2 shows the

extent to which each of these various types of independent variable
has been used in the figures and tables of this report and in those
of the earlier parts of Physics in Perspective.

TABLE 1.2 Frequency of the most Important Types of Independent
Variables in the Figures and Tables of this Report and of the
Earlier Volumes of Physics in Perspectivea

Type of Independent
Variable

Physics in
Perspective
Vols. I, HA,

This Volume (Exclud-
ing Appendix)

IIB

Time 515 235

Discipline or activity:
Field of science 449 232

Type of activity 24 23

Geographic or organi-
zational:

Geographic region 462 228

Working institution 107 111

Source of support. 64 50

Personal characteris'frs:
Age 1'; 23

Degree or rank 112 148

aNumber of figures or tables in which entries for two or more val-

ues of the independent variable are compared.

Data of any of these types can be obtained from a variety of
sources. Many of the data of interest for a study such as ours
can be acquired by consulting tabulations rhat have been prepared
by various other organizations, especially those of government
agencies. We shall discuss some of these sources briefly in Sec-
tion 1.2.2. Here, we wish only to classify the means by which the
original gathering of a mass of data can be performed. Among the
many possible sources of data, three are of particular importance
for the type of material of interest to us:

16



Iftroduction 1471

1. Individuals. Questionnaires filled out by individuals con-
stitute an epecially important source; we shall discuss their
utility and limitations presently. Alternatively, one can gather
information from individuals by interviewing them in person or by
impersonal observation.

2. Organizations. Organizations, private or governmental,
have statistics and records that can be used as data sources either
by examining them directly or by asking officials of the organiza-
tions to fill out questionnaires.

3. The scientific literature. Unlike many other objects of
socioeconomic_study, a scientific discipline like physics leaves
a record of much of its most important activity in the form of
journal articles and other publications. These are, in turn, col-
lected and indexed in the secondary literature. Thus research
journals, abstract journals, and the like provide an extraordin-
arily rich mine from which to extract information on many subjects:
for example, who is doing physics where; how different subfields
and disciplines interrelate; or how much impact certain types of
physics work have and where it is felt.

Questionnaires deserve a special comment. Those mailed to

random fluctuations are minimized. But., unless they are intelli-
gently managed and carry high prestige, the percentage of nonre-
spondents is apt to be high, and one must then worry about whether
the nonresponding population has the same statistical character-
istics as the responding population. One should also think of the
cost to the nation represented by the expenditure of time required
from those who fill out the questionnaires. For example, it has
been estimated that the time invested by respondents in filling
out the forms for the 1970 National Register of Scientific and
Technical Personnel could well have been of the order of $2 mil-
lion.* Thus a sensible policy is to use large-scale question-
naires sparingly, restricting them to cases like the National
Register (unfortunately now discontinued) in which comprehensive
data are of vital importance and in which the prestige, regularity,
and good management of the enterprise combine to ensure a high
level of response. Similar considerations apply, though slightly
less strongly, to comprehensive questionnaires circulated to all
organizations of a given type, for example, to all university
physics departments. Such questionnaires tend to be more compli-
cated than those circulated to individuals, and although the num-
ber of recipients is smaller, they are apt to be very busy people.

*Testimony of C. Herring before the Subcommittee on Science, Re-
search, and Development, Committee on Science and Astronautics,
U.S. House of Representatives, February 29, 1972.
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1472 PHYSICS IN PERSPECTIVE

The loss if they fill out the questionnaire sloppily can be great.

Many types of data can be collected more quickly and efficiently

by sampling techniques. The success of public opioion polls in

this country attests to the effectiveness of such methods for even

quite large-scale surveys.
In our work we have made use of existing data sources whenever

possible. The following section is devoted to a be ief discussion

of some of the more important of these. However, we found it neces-

sary to collect a considerable amount of new data. Our philosophy

in doing this, and a list of the major data-gatheriVg projects we

undertook, will be given in Section 1.2.3.

1,2.2 PRINCIPAL OLDER SOURCES

We have mentioned briefly the Harvey Report,* a rather cornprehen-

sive and quite useful bibliography of sources of Osca about physics.

This report, prepared at the AIP during 1969, with Che supp ort of

the National Science Foundation (NSF), describes soMe 220 documents,

issued by government agencies, learned societies, slid other groups

in the United States since 1960, plus a few foreigo items or items

of earlier date that are of particular value. The coverage is in-

tended to be fairly exhaustive for manpower, educational, and fund-

ing data assembled in this country in the 1960s. As we have seen

in Table 1.1, however, coverage of data on publications was appar-

ently not attempted. Practically all the documents referenced are

available in the files of the AIP. The report also lists a number

of earlier indexes and bibliographies.
Having directed the reader to a fairly complete source of infor-

mation about earlier collections of data, we may oow limit our men-

tion of particular collections of data to a few tb0- proven

especially useful for the work of the Physics SurveY Committee.

We shall group these according to type of source ga::::tion.

Government Documents. Since the early 1950(s, che NSF has is-

sued annually FederaZ Funds for Research, Develop-7160, and Other

Scientific Activities. Obligations incurred by the various federal

agencies for the support of basic research, applied research, and

development in the various fields of science and eote7tralm are

listed for each of three consecutive fiscal years,
these being.represented by the budget submitted to Congress but not

yet passed. The degree of detail provided can be PidicaCed by the

following remarks: Some data are given only for 'physical scienc:..s,"

others for a finer subdivision, in which physics is broken down into

four subfields; performers of the work are separated into intramural

government organizations, industrial organizations, federally funded

research and development centers, colleges and universities, non-

profit organizations, and foreign organizations; 4y for the funding

entities, several subagencies are listed for the DePertments of

Defense and Health, Education, and Welfare and other large depart-

ments, although the Atomic Energy Commission (AEC), the NSF, and

others are not subdivided. Although valuable as a general guide

Harvey, A. L., op. cit.
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Introduction 1473

to the pattern of government support, this publication has a number
of limitations that should be borne in mind. The separation into
basic research, applied research, and development is based on the
motivation for Ihe work being pursued; the distinctions are neces-
sarily somewhat ambiguous and may be interpreted differently by
different agencies when they report their figures to the NSF. (In

Section 111.1.1 we shall present our philosophy on the separation
of "research" from "nonresearch.") The subdivision of physics is
not as detailed as was needed for the work of the Physics Survey
Committee. Most serious of all is that there is no effective super-
vision of the judgments made by the different agencies in reporting
their figures. We shall see in Section 111.2.2 that a quite unrea-
sonable picture can sometimes result from taking the figures at
their face value.

Another important publication of the NSF, biennial until 1971,
has been American Science Manpower. This was a tabulation of data
collected by the National Register of Scientific and Technical Per-
sonnel. In its detailed tables, scientists are divided by disci-
pline (physics, chemistry, etc.), and occasionally by subdiscipline
(acoustics, nuclear physics, etc.). For each discipline, scien-
tists are further subdivided according to the most important pairs
of the variables age, highest degree, employment status, type of
employer, primary work activity, years of professional experience,
major subject of highest degree. Extensive data are also given on
median salaries, Peographical distribution, number receiving feder-
al support, and ew other characteristics. The only shortcomings
of this compilation for our purposes are that since it covers so
many disciplines it cannot give as much information about physics
as was needed for the work of the Physics Survey Committee. More-
over, the subfields used although comparable in size with those of
the Physics Survey Panels are not identical with them.

A third publication of the NSF is the annual National Science
Foundation Grants and Awards, which lists, by field of science,
state, institution, and principal investigator, the titles, dura-
tions, and dollar amounts of all grants and awards for research
and other science-related activities. Some totals appear in the

NSF's internal Databook.
Similar to this publication is the quarterly one, NASA's Univer-

sity Program, issued by the Office of University Affairs of the
National Aeronautics and Space Administration (NASA). Here again,

titles, institutions, principal investigators, durations, and a-
mounts are given for all grants or contracts supported by NASA in

universities. The different disciplines are separated, as are the
different NASA subagencies responsible for funding.

The AEC issues annually A Statistical Summary of the Aysical
Research Program, which gives data on manpower, publications, and
funding for work in federally funded research and development cen-
ters, educational institutions, research institutes, and industrial

laboratories. The data are subdivided according to eight AEC dis-
cipline categories, and various other statistics are given.

Although their data are rarely broken down to as fine a special-
ty as physics, the compilations of the Bureau of Labor Statistics

are of especial interest in that they are obtained by intensive

1 9



1474 PHYSICS IN PERSPECTTVE

surveys of the civilian economy and are independent of such common-
ly used other sources as the National Register. Of particular in-

terest in connection with demand extrapolations is their bulletin
1648, PhD Scientists and Engineers in Private Industry 1968-8(y.

Publications of the American Institute of Physics. The Physics
Manpower series, published every few years by the AIP, provides a
convenient assemblage of statistics from the National Register,
U.S. Office of Education, National Education Association, and other
sources, most notably the data collected by AIP from physics depart-
ments throughout the country. Over half is devoted to physics edu-

cation. Data on employment of physicists are broken down by salary,
work activity, type of employer, highest degree, age, and subfields,

much as in American Science Manpower. However, the data on physics

are much more accessible and are often presented in graphical form.

The annual Directory of Physics and Astronomy Faculties lists
all North American colleges and universities, with the names and
ranks of all faculty members in physics, applied physics, and astron-

omy departments. This infc=mation is obtained by direct contact

with the departments involved.
The AIP has also issued some useful studies of the literature of

physics, most of which are not indexed in the Harvey Report. Two

studies of particular value are Journal Literature Covered by

Physics Abstracts in 1965, by S. Keenan and F. G. Brickwedde (Re-
port ID 68-1, 1968) and Institutional Producers of Physics Research,

by M. Cooper and H. M. Watterson (Report ID 69-3, 1969).
Publications of the NationaZ Academy of Sciences-National Re-

search Council. The Office of Scientific Personnel 9f the National
Research Council maintains a Doctorate Records File containing de-

tailed information gathered, with the cooperation of graduate
schools throughout the country, from essentially all recipients of
doctorates in the United States. Extensive data from this file

have been presented in Doctorate Recipients from United States Uni-

versities 1958-1966 (NAS publication 1489, 1967) and in supple-
mental yearly summaries issued since. Geographic and institutional

distributions are given in considerable detail. Although most oY

the data are broken down only into major disciplines (i.e., physics,

chemistry, earth sciences), some 14 subfields of physics, unfortu-
nately not identical with those of the panels of the Physics Sur-

vey Committee, are separated in the totals. Of particular interest

is the inclusion of information on initial postdoctoral employment.

A study directed especially to this subject is EMployment of New

PhD's and Post-Doctorcas in 1971 (Report OSP-MS-5, 1971). This

study was based on rather detailed special questionnaires sent to

academic departments.
A number of extensive studies have been made by the Office of

Scientific Personnel based on questionnaires to samples drawn from

known doctorate recipients of past years and designed to explore

the subsequent development of their careers. These studies report

extensive data on geographical migration, salaries, types of em-

ployment, and the like. However, discipline specialization of the

data is usually not on a fine scale, and many figures are reported

only for "physical sciences."
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Two studies, similar in nature to that of the Physics Survey
Committee and in closely related fields, have been in progress al-
most simultaneously with ours, and each has also made use of a data
panel. One is that of the Astronomy Survey Committee, whose data
gathering is described in Astronomy and Astrophysics for the 1970's:
Volume 2, Reports of the Panels, Chapter 9 (NAS, 1973). The other

is that of the Committee on the Survey of Materials Science and En-
gineering, whose Summary Report is to be published shortly by NAS,
and whose subsequent detailed report is expected to contain an ex-
tensive section on manpower, funding, and literature data for the
materials field.

Miscellaneous Sources. The Organization for Economic Coopera-
tion and Development (OECD), whose membership consists of most of
the nations of Western Europe plus Japan, Canada, and the United
States, has prepared a series of Reviews of National Science Policy,
which surveys science and technology in various leading member and
nonmember countries. Although the data are nearly all from offi-
cial or other public sources, and are xarely specialized to as fine
a scale as phYsics, they are sometimes discussed with useful criti-

cal insight. The studies are also of value simply because they try
to discuss many countries from a unified point of view. The OECD

has also issued a series of Statistical Tables and Notes on re-
search and development in meffiber countries that contains much in-
formation on manpower, funding, and organizations in the govern-
mental, industrial, educational, and nonprofit sector of the var-

ious countries. Further valuable studies on international migra-
tion of scientists and engineers have been conducted.

In the discussion of material from the AIP we mentioned that
statistics on publications in physics provide valuable indicators
of the scale and distribution of research and the interrelationship
of different geographic and intellectual areas. Without naming
further data sources specifically, we would like to stress here
the utility of many data that can be found in the documentation

literature. Among the organizations that have sponsored useful
collections of such data special mention should be made of the Ab-
stracting Board orthe International Council of Scientific Unions.

1.2.3 NEW DATA GATHERING PROJECTS

The sources of data discussed in the preceding section, though
extensive and useful, failed to answer many questions that were of
interest to the Physics Survey Committee. Manpower and funding
data, even when broken down according to subfields of physics, have
not been available for subfields as finely subdivided and as clear-

ly defined as was needed. As we noted in Section 1.2.2, funding
data from government agencies have been particularly ambiguous;
this ambiguity is clearly apparent, for example, in the Pake Re-

port.* There have been almost no quantitative data on the support

rt
Phueics: Survey and Outlook (NAS-NRC, 1966).
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of physics research in industrial laboratories or on the output of
these laboratories to the physics literature. The resources in-
vested by universities from their own funds in the physics research
enterprise have also been inadequately investigated. And one can
think of a host of small but intriguing questions on the sociology
of physics to which none of the previously available sources sup-
plies answers. Although the resources and abilities of the Data
Panel were far too limited for it to attempt to fill all these gaps,
there obviously were many useful things that it could do.

In Section 1.2.1 we mentioned some of the disadvantages of large-
scale questionnaires. We decided not to attempt to gather informa-
tion from the physics community in this way. It was clear, however,
that a rich mine of potential data existed in the tapes on which
the complete store of replies to the National Register question-
naires were recorded. In addition to the obvious possibility of
obtaining more detailed tabulations and cross-correlations of data
pertaining to physicists than had previously been published, the
tapes offered possibilities for obtaining entirely new types of
information. As described in more detail in Section 11.1.1, the
replies on specialty of present employment and on additional spe-
cialties of competence afford a wealth of information on the close-
ness of different specialties to one another, or their remoteness,
and provide a tool for fairly objective separation of physicists
and their specialties into groupings corresponding to major sub-
fields of physics, for example, the subfields to which the various
panels of the Physics Survey Committee were assigned. In addition,
the tapes for different years have been used to generate longitu-
dinal files in which data from the same respondent, if he has an-
swered questionnaires in a succession of years, are collected,
and changes in employment, specialty, salary, and the like can be
studied statistically. (Respondents, of course, remain individual-
ly anonymous.) It was decided, therefore, to examine the Register
tapes in considerable detail and to make a small-scale study of
the available longitudinal files.

Only one other data-gathering project of a comprehensive nature
was undertaken. This was a survey of the records of the principal
agencies of the federal government responsible for the support of
physics research, to isolate the amounts of such support and allo-
cate it to the various subfields of physics, as defined by the do-
mains of the various panels of the Physics Survey. This study was
done through the courtesy of officials in the agencies involved,
who worked in close collaboration with the Staff Scientist of the
Data Panel, to ensure uniformity of definitions from one agency to
another. However, not all agencies could be studied adequately,
and, as we shall see in Section 111.2, a great deal of intelligent
guesswork fortified by a variety of auxiliary studies was required
to round out the funding picture.

The most important of the remaining projects undertaken by the
Data Panel were sampling studies of one kind or another. Most of
the questions encountered were of such nature that an approximate
answer would be enormously better than no answer at all anclthat a
highly exact answer was almost impossible to define. The speed and
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convenience of sampling studies therefore make them especially at-
tractive, the more so since with this approach it is often possible
to reformulate a question after the study has begun.

The most extensive sampling study undertaken was an article-
by-article survey of about 4500 articles randomly selected from
entries in Physics Abstracts. This survey was designed to reveal
the distribution of physics research activity, as it is manifested
in publication, among different countries, different types of in-
stitutions, and the different subfields of physics. As the Survey
progressed, we became increasingly convinced that the literature
of a science like physics is the best possible indicator of what
can be called research activity. The British physicst, J. M.
Ziman, has pointed out in a perspicacious little book* that what
gives science its power and distinguishes it from many other worth-
while human activities is the wide dissemination of new results
throughout the scientific community, followed by extensive criti-
cism, leading to ultimate consensus. Thus, as we describe at
greater length in Section 111.1.1, we believe that it is possible
to make a fairly clear distinction between "research" and "non-
research" but that the distinction between basic and applied re-
search is necessarily exceedingly fuzzy. In the studies of feder-
al funding mentioned previously, and the studies of other types of
funding to be discussed in subsequent sections, we therefore en-
deavored to isolate the funding of activities leading to publish-
able results. As we shall see in Chapter III it is useful to have
the opportunity to check the general consistency of the findings
of investigations of funding with those of studies of the literature.

Studies of industrial and university funding of research and
other characteristics of physics research in these two environ-
ments necessitated obtaining data from some of the organizations
involved. The data needed were not always easy for these organi-
zations to supply, and we were conscious of how painful would be
the demands on the time of anyone to whom we addressed inquiries.
Fortunately; we were able to select small samples of institutions
of both types, which at the same time were adequately representa-
tive of the diversity of the national populations, yet were repre-
sented by persons to whom we could appeal for help by use of close
personal contacts. This procedure ensured a high percentage of
conscientious responses. We wish to express our profound grati-
tude to the representatives of these organizations who were willing
to devote so much time to make our projects successful.

A number of smaller studies of samples of people, documents,
or merely data from government publications were made. These,
some of which will be discussed at appropriate places throughout
the report, often proved helpful in filling in our picture of the
functioning of some part of the physics community.

Ziman, J. M. PUblic Knowledge: The Social Dimension of Science.
Cambridge University Press, 1968.
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II

MANPOWER
DATA

11.1 Studies Based on the National Register and Other Nationwide
Sources

11.1.1 INTRODUCTION TO THE NATIONAL REGISTER OF SCIENTIFIC AND
TECHNICAL PERSONNEL

Much of the information on manpower in Physics in Perspective, and
particularly in Parts 11.1.2 and 11.1.3 below, was based on data
from the NSF National Register of Scientific and Technical Person-

nel. Therefore, a detailed discussion and evaluation of this ma-
jor data source seems in order.

From the mid-1950's until 1970, the NSF conducted a series of
bionnial questionnaire surveys called the National Register of
Scientific and Technical Personnel. The various scientific soci-
eties-in physics, the AIP-were responsible for identifying the spe-
cialties that comprised their fields, setting criteria for inclu-=
sion, and collecting the data. Statistical tables of data from

these surveys; for a wide variety of sciences, were then regularly
published in the NSF's American Science Manpower series.

The Register was in two respects unique. First, it was designed
to be a complete survey of manpower in various sciences rather than

a sampling operation. Second, unlike the surveys of the Bureau of
Labor Statistics and other NSF surveys, it was directed to the in-
dividual scientist rather than to his employing institution. The

uniqueness of this data source increases the difficulty of measur-
ing its reliability.

The Physics Survey depended heavily on National Register data

for several reasons. Most sources presented data on physical sci-
ences, sometimes with a further breakdown for physics as a whole;

the National Register was one of the few sources in which physics

1478
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was subdivided into specialties. Since the Physics Survey was as
concerned with the subfields of physics as with the overall field,
this feature was most useful. Second, because the Register had
been a continuous operation throughout the 1960's, comparative da-
ta over time could be derived. Finally, both current (1970) and
past comparative data from the Register were available on computer
tape. This availability on tape was particularly valuable, because,
as a result, data analysis was not limited to published definitions,
categories, and table layouts. Register subfields could be rede-
fined to fit more closely the scope of the subfield panels of the
Physics Survey.- Categories such as employer type could be revised
to show separately the federally funded research and development
centers,major employers of physicists. Work activity groupings
could be redefined so that categories of no relevance to physics
were eliminated. Data could also be made more nearly comparable
over time. Working directly with the Register computer tapes per-
mitted a flexibility seldom possible with other data sources.

Although Register data have many advantages, problems occur in
their interpretation. To deal with the numbers presented, the user
needs to know how representative they are and the nature of any
biases. In the following subsections we shall consider several
points relating to the opportunities and limitations presented by
the Register and our use of it.

11.1.1.1 Adequacy of Coverage

A basic question one should ask about the Register data is: How
completely do they cover, physicists? Professional societies iden-
tify the groups of scientists who are to receive their question-
naires. Thus scientists who are not known to a society are not in-

cluded. In the case of physics, this source of error is probably
relatively small, for the AIP attempts to identify and include in
the survey physicists who are known from a variety of sources
even though they are not members of one of the AIP societies. Cov-
erage also is incomplete to the extent that persons receiving the
questionnaire fail to fill it out and return it.

Completeness of coverage is probably most useful in the case of
doctoral scientists. They are almost automatically included in any

count of scientific personnel. At lower educational levels the
definition of a scientist is less clearcut and varies widely among
societies and sources. The AIP's criterion for inclusion as a
physicist was anyone with an advanced degree in physics or a bac-
calaureate in physics plus two years of professional experience in
physics or an equivalent background. It is difficult to estimate
the size of such a population.

Perhaps the most exhaustive attempt to assess Register coverage
of doctorates was that of the Commission on Human Resources and
Higher Education.* The Commission based its study on a comparison
of the Doctorate Records File (maintained by the National Academy

*Folger, J.K., H.S. Astin, and A.E. Bayer. Human Resources and

Higher Education. New York, N.Y.: Russell Sage Foundation, 1970.
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of Sciences Office of Scientific Personnel) and the National Reg-
ister. Information for the Doctorate Records File is obtained di-
rectly from universities and supplemented by a questionnaire to be
filled out by the graduate. The File is believed to include 99
percent of all the doctorates awarded in the United States. The
Commission attempted to identify by name in the 1964 National Reg-
ister all persons who received a science doctorate in the United
States between 1957 and 1962. A number of auxiliary studies were
conducted to correct for deaths and immigration and emigration.
The basic datum sought was the number recorded in the Doctorate
Record File as having a U.S. baccalaureate and doctoral degree who
appeared also in the National Rer;ister. Possession of a U.S. bacca-
laureate degree was interpreted de-evidence that the individual
was a permanent resident of the United States and would seek em-
ployment in this country. The Commission found that 78 percent of
the physics doctorate recipients appeared in the 1964 National
Register; therefore, this number could be used as an estimate of
coverage of the Register in physics. A lower coverage was estimated
for most other scientific disciplines.

How important is completeness of coverage? If no bias in cover-
age exists, that is to say, if nonrespondents are similar to re-
spondents, figures can be inflated to the proper expected total by
using the inverse of the rate of no response. In the mid-1960's
the NSF conducted a special survey of nonrespondents and found few
differences from respondents on major variables such as level of
degree and type of employer.

The National Register, therefore, appears to have been, for
physics, a relatively complete and unbiased source of information
on manpower. However, in attempting to compare data in a particu-
lar Register with another source or with Registers of earlier
years, problems still exist. Such problems result principally
from variation in basic definitions. One cannot use Register or
other data without clearly understanding what they relate to. A
few examples illuscrate problems related to coverage and defini-
tions and show the need for caution in the interpretation of data.

As a first example, we compare physics and astronomy faculty
members included in the National Register and in the AIP's annual
Directory of Physics and Astronomy FacuZties. The Register reports
numbers of faculty members by self-reported faculty rank. The AIP
independently obtains actual name listings from the heads of col-
lege and university physics departments for inclusion in the Direc-
tory of Physics and Astronomy FacuZties, which is probably a more
nearly complete and valid source, at least for regular faculty.
Table 11.1 presents the results of this comparison.

The second row in Table 11.1 shows the number of faculty in
each academic rank reported by the AIP for the 1966-1967 academic
year. The first row shows the numbers reported in American Science
Manpower 1966. Since most physics departments were growing at this
time and AIP figures for 1966-1967 represent data for a later date
than those of American Science Manpower, data for 1968 from this
source are shown in the third row. In the three professorial ranks
the mean of the numbers reported in American Science Manpower for
the two years is between 78 percent and 83 percent of the number
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TABLE 11.1 Number of Faculty Members by Rank

Source Prof. Assoc. Prof. Asst. Prof. Instructor Other

ASM
a

1966
A1P

b
1966-1967

ASM
a

1968

1691
2449
2128

1322
1830
1713

1832
2686
2345

793
1389
757

1056
641

1057

a
American Science Manpower.
b
Physics Manpower 1969 (American Institute of Physics, New York,
1969).

reported by A1P, or slightly higher than the 78 percent Register
coverage reported for physics PhD's by the Commission on Human
Resources and Higher Education.

In the two lower ranks, however, discrepancies appear. If the
Instructor and Other categories are added, the National Register
coverage for them appears to be 90 percent of that of A1P. If

the figures are inflated by the factor used previously, the re-
sult suggests that the Register is including approximately 260
more faculty members in the lower ranks than the AIP, a 13 percent
overinclusion. The difference results primarily from a difference
in definition between the individual and department head. Appar-
ently some individuals in lower ranks considered themselves (or
were considered by the Register) faculty members, although depart-
ment heads did not define them as such. The breakdown at lower
faculty ranks varies even more. Individuals are more restrictive
in defining themselves as instructors than are department heads.
For the user of Register data,.these findings suggest that lower
faculty ranks are probably overrepresented and that any break-
down of lower faculty ranks should be treated with extreme caution
as academic rank at these levels has not been standardized.

The attempt to examine the growth of a borderline subfield of
physics that includes many nonphysicists, such as acoustics, pro-
vides another example of the effect of varying definitions, as
Table 11.2 shows.

According to the Register data, the population of acoustics,
with some peculiar fluctuations, has been virtually stable. How-
ever, membership directories of the Acoustical Society of America
and publications in its journal show growth. Membership increased
by more than 50 percent in the nine-year period, and publications
by almost 90 percent.

Has the Register missed physicists in acoustics? To answer this
question is difficult, because the Acoustical Society has not
collected data on the educational and employment background of
their members. A general feeling, substantiated by a more recent
survey, is that the Society's membership is exceedingly diverse,
consisting of physicists, engineers, psychologists, and a variety
of other scientists. Although complete figures on these groups are
not known for the years indicated in Table 11.2, probably more
than half of those who are identified with acoustics are from
disciplines other than physics.
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TABLE 11.2 Growth of Acoustics

Year ASM
a

ASA
b

Membership Pages Published in JASAC

1960 1260 2782 1781
1962 1454 3301 2079
1964 1381 3735 2525
1966 1261 4007 2979
1968 1296 4403 3369

a
In American Science Manpower series, scientists indicating first

Fompetence (1960-1966) or present work experience (1968) in acoustics.
Acoustical Society of America.

c
Journal of the Acoustical Society of America.

ClearLy, as Table 11.2 shows, acoustics has been growing; how-
ever, growth rates by discipline may differ. The physics component
of acoustics has apparently remained approximately stable, whereas
the other components-engineering, psychology, and the like-have
increased.

As a third example, physicists employed in industry are shown
in Table 11.3, which is based in part on figures collected by the
NSF and the Bureau of Labor Statistics.*

TABLE 11.3 Numbers of Physicists (Thousands) Employed in U.S.
Industrial Organizations

Year American Science Manpower NSF-BLS Survey

1960 8.6 12.5
1962 9.8 14.0
1964 9.0 15.6
1966 8.3 16.2

According to the National Register, the number of physicists
in industry remained stable during the years indicated. However,
the figures in the third column of the table show fairly substan-
tial growth. The problem again stems from definitions. The Regis-
ter obtains information from individuals and sets clear criteria
for who is and is not a physicist; the NSF-BLS survey obtains in-
formation from employers and leaves the categorization of individu-
als to them. Anyone to whom an employer gives the title of physi-
cist is recorded as such, regardless of his background education

*Employment of Scientists and Engineers in the United States.
Washington, D.C.: National Science Foundation and Bureau of
Labor Statistics, 1968.
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and training. With so loose a definition, inflated figures might
be expected; but the problem is even greater, for there is no way
of knowing how such loose definitions change with time. During a
period of increasing demand, such as the early 1960's, there could
well be an increasing number of employer-defined physicist posi-
tions but little change in the number of AIP-defined physicists so
employed. The additional positions could have been filled by engi-
neers and technicians. It must be remembered that while industrial
demand was growing in the early 1960's so, too, was academic de-
mand, and academia usually has been the preferred home of physi-
cists.

These examples and comparisons indicate not that one source is
good, another bad, but rather that each is measuring somewhat dif-
ferent phenomena. If, for example, one wanted to examine the num-
ber of physics faculty members by the strict standard of the de-
partment chairman, one would use the faculty directory; if one
was studying the number of physicists employed by universities,
the National Register could be used, with the necessary inflation
factor. If one was interested in the growth of acoustics, broadly
defined, one would use the Acoustical Society membership or publi-
cation figures. If one needed information on the change in the
physics component of acoustics, the National Register would be the
appropriate source. And if one was concerned with the change in
physics positions in industry, as defined by employers, the NSF-
BLS statistics would suffice. Changing participation of physicists
in industry would be shown by Register data. Comparisons of data
sources can lead to useful hypotheses, for example, about the com-
ponents of growth in acoustics, but cannot be taken at face value
as indications of data source deficienc.ies, for the sources often
cannot be equated.

With this background on advantages and problems in the use of
Register data, we will look next at the way in which the Data Panel
used these data and at some additional problems related to their
interpretation.

11.1.1.2 Cross-Sectional Studies

Most of the manpower data used in the Physics Survey came from the
1964, 1968, and 1970 Register computer tapes. The American Science
Manpower series provided data for other years, and AIP student
.surveys were useful for obtaining data on physics baccalaureates,
graduate students, and new PhD's. The 1970 Register data were the
most current available at the time of the Physics Survey. Data
from 1964 and 1968 were used for comparative purposes to examine
changes during the late 1960s.

A layout of the major analyses needed for these years was de-
veloped. The tabulations decided on will be described in Section
11.1.2; they are summarized there in Table 11.4. The totality of
tabulations for the three years runs into the thousands. Many of
these tabulations were used by the Data Panel in developing specif-
ic analyses. A selection oE tables considered of greatest interest
were reproduced from computer printouts and appear in Appendix A.
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Additional tables are available at the NAS or the AIP to qualified

persons for research purposes.

11.1.1.3 Mapping the Subfields of Physics

The collection of data on the physics population was the central
task of the Data Panel; however, the Panel recognized that data
on the various subfields would also be most useful. Such data

could provide information not previously available on the unity
and diversity of physics.

A major problem of the Data Panel was the allocation of the
many categories and specialties of the National Register among
the 11 subfields established for the Physics Survey. The Register
data contained 19 major physics categories and 236 detailed physics
specialties in addition to several specialties in other sciences
that could be defined as interdisciplinary areas or interfaces with
physics.

Using the 1968 Register data (available at the start of the Sur-
vey), two panelists assigned Register categories and specialties
to the various subfield panels. Many of the specialties were clear-

ly appropriate to particular panels. Others were less easily as-
signed. For example, where did electronics or health physics be-
long? A number of Register specialty groups appeared to be direct-
ly related to several subfields. How to allocate these in the most
meaningful way was a major question.

The initial step in the procedure finally adopted was to iden-
tify the_specialties that were clearly related to each of the
Physics Survey panels. These groups were later termed Panels Prop-
er. The next step was to identify single or groups of specialties

that could be considered borderline cases. These specialties might
be related to several panels. Thirty-six of these borderline groups
were developed. Initially Herring and Keyes examined each of these

and made an educated guess as to what their allocation should be-
what proportion of the practitioners of a particular borderline
group, for example, should be assigned to condensed matter, optics,

and so on. However, when this task was completed there was a cer-
tain degree of dissatisfaction with this subjective allocation of

relatively unknown groups. At this point it was decided that ele-
ments in the Register questionnaire might be used to develop a
more objective and consistent method of allocation for these 36

borderline cases.
The Register questionnaire included both a question on special-

ty of present work activity and one on specialties of additional
competence. It was thought that individuals whose *specialties of
present work activity were among the borderline groups would have
a majority of their specialties of competence either in the border-

line group or in the appropriate Panels Proper.
On the basis of this assumption all borderline groups (that is,

individuals indicating one of the borderline groups as specialty
of present work activity) were sorted in terms of specialties of
additional competence, including both Panels Proper and borderline
groups. For example, individuals currently working in electronics

were examined to determine the specialties of additional compe-
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tence; some indicated other electronics specialties, and others
one of the Panels Proper, such as condensed matter. (Initially dis-
tributions on first and additional specialties of competence were
examined separately; however, comparisons showed that second, third,
and fourth competences were merely reflections of the first. De-
terminations were then made on the basis of specialties of first
competence.)

Allocations were based on the percentage distributions of com-
petence responses. If examination showed that an overwhelming pro-
portion of competence responses were to a single Panel Proper,
then this specialty or group of specialties was assigned to that
Panel Proper. In most instances, a split allocation was indicated
-50 percent condensed matter, 50 percent nuclear physics, or 25
percent optics and 75 percent atomic, molecular, and electron
physics.

Whether this was the best way to deal with borderline cases is
open to question. Many of the borderline groups were eventually
assigned to the same panels as they had been with the earlier sub-
jective judgment procedure. Subjective re-examination showed dif-
ferences when they occurred to be consistent, if not expected.

Appendix .8 shows the allocation of 1968 Register specialties
among subfield panels. Those that were allocated by means of the
analysis of borderline groups are listed at the end of each sub-
field section. The remaining specialties that did not clearly fit
into Survey Panels were combined into a miscellaneous category.
This category included a large number of people whose specialty
was physics teaching, others with specialties outside physics in
chemistry, engineering, or computer science, and a few that could
not be classified. The fractions following each overlap group in-
dicate the proportion allocated to a particular subfield.

The Data Panel believed that this method of specialty alloca-
tion, although not perfect, was the most objective and consistent
response then available to the problem of defining physicists and
their subfields, which has always presented difficulties. We shall
discuss the analogous problem of classifying the literature of
physics in Section IV.1.1.

11.1.1.4 Other Problems of Definition

A few additional problems among the data for the 1964, 1968, and
1970 Registers can be briefly summarized.

1. Increased coverage between 1964 and 1970 could be expected,
although for physics this factor should have little effect as pro-
cedures did not undergo major change. In making comparisons, the
increased coverage would imply a slight exaggeration in figures on
growth.

2. Questions dealing with competence varied slightly between
1964 and 1970; further, in data collected from the Register tapes
the Data Panel used specialty of present work activity, whereas
tables from American Science Mcznpower used data on specialty of
first competence.
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3. In the three years examined, the Data Panel treated .cderal-

ly funded research and
development centers as a special category;

published material from American Science Manpower distributed these

institutions according to administrative groups, such as university

or industry, rather than presenting a separate tabulation.

In comparing Register data with other sources it is often

necessary to examine the exact phrasing of the questions; therefore,

to aLd in such comparisons Appendix A includes copies of the 1964,

1968, and 1970 Register questionnaires.

11.1.1.5 Longitudinca Studics

In addition to cross-sectional studies, several longitudinal

studies based on two longitudinal files were conducted. The first

of these fides, referred to as the 1960-1966 Longitudinal File,

was developed from Register tapes by Robert McGinnis of the De-

partment of Sociology, Cornell University, with the cooperation of

the NAS. The Data Panel used information from this file on all

PhD's who responded to all three Register surveys in this interval

and who were defined by ALP as physicists in 1964. The data ob-

tained showed mobility among subfields of physics, between physics

and other sciences, among types of employers, among work activities,

and among regions of the United States and other countries. (These

relatively complex tables are available at the AIP to qualified

researchers.)
In addition,the Data Panel worked with data on AIP-defined

physicists, both PhD and non-PhD, from a 1968-1970 longitudinal

file developed from Register surveys for these two years. The

groups considered were

1. Physicists responding to both surveys who were PhD's (or

non-PhD's) in both years
2. Physicists responding to both surveys who were non-PhD's

in 1968 but PhD's in 1970
3. Physicists responding only to the 1968 survey

4. Physicists responding only to the 1970 survey

Analyses of data on the first two groups showed patterns of

mobility among subfields, types of employers, work activities,

and geographic areas. Further analyses of the second group also

showed how new PhD's differed from other PhD respondents. The

third group was studied to determine the characteristics of indi-

viduals who responded in 1968 but not in 1970. This type of analy-

sis gives insight into the nature of the nonrespondent group.

Analyses of the fourth group yielded information on characteristics

of new respondents-whether they were older physicists who had

failed to respond in 1968 or new entrants to the field.

A few definitional problems occur when comparing longitudinal

with cross-sectional data. First, correlating 1964 specialties with
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those of 1968 and 1970 had presented some difficulties, which were
greatly increased by additionally correlating those of 1960, 1962,
and 1966. Neither specialty categories nor physics remained the
same during this interval. Further, between 1960 and 1970 the point

of reference of specialties changed. From 1964 on, specialties of
present work experience were included on the questionnaire in addi-
tion to specialties of competence. As a result of these variations,
subfield mobility based on current work specialization can be dis-
cussed only for the 1964-1966 and 1968-1970 intervals. Care must
be exercised in the interpretation of data on mobility for the
other years, for change in specialty of competence is different
from change in specialty of employment. Changes in definitions of
types of employers also occurred over the years, especially in re-
gard to federally funded research and development centers. The
data for 1964-1966 and 1968-1970 again appear to be the most con-
sistent. Finally, none of the Register surveys made provision for
the heavily university-based postdoctoral group. Consequently,
when examining mobility from the university to other work environ-
ments, it is difficult to determine the number who are departing
postdoctorates and those who are leaving regular positions. The
postdoctoral group greatly proliferated in the late 1960's, which
increases the difficulty of interpreting and fully evaluating the
movement from the universities in the two time intervals.

Some of these problems were handled through age subclassifica-
tion. This technique does not completely solve the problem of dis-
crepancies but does throw light on major patterns.

As this and other portions of Physics In Perspective show, care-
ful understanding and manipulation of a data source can produce
useful analyses many steps beyond a simple tabular layout of raw
figures. It is hoped that this effort will stimulate and guide
further analyses of Register and other data.

11.1.2 TABULATIONS FROM THE PHYSICS PORTION OF THE NATIONAL

REGISTER

Through the courtesy of the NSF, extensive analyses were made,
first, of the 1968 National Register computer tapes, then extended
to 1964, and, when the returns from the 1970 questionnaires be-
came available, to that year also. Studying but one field--physics
--we were able to make much more detailed tabulations and cross-
correlations than those published biennially for the totality of
science in American Science Manpower. Moreover, having grouped the
specialties into the various subfields corresponding to panels of
the Physics Survey Committee and the Astronomy Survey Committee,
we were able to break the tabulations down by subfield whenever
this seemed desirable. Such a breakdown is, of course, not avail-
able in American Science Manpower.

The wealth of possible subdivisions and correlations in the
data can be appreciated from an examination of the National Regis-
ter questionnaire, which is reproduced, in its 1964, 1968, and

1970 versions, in Appendix A. The 1964 and 1968 questionnaires
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were almost identical in regard to all the entries used for our
tabulations, but there were some minor differences:

1. The wording of the question on professional identification
(8 on the 1970 form) has varied slightly.

2. The questions on student and employment status (7 and 9 on
the 1970 form) were a single question on the 1964 form.

3. Although all three questionnaires had a question on the
specialty closest to present employment (13 on the 1970 form), the
wording of the question on additional competence (18 on the 1970
form) has varied. In 1964 and 1970, the four specialties of
greatest competence were requested; in 1968, four specialties
other than the one closest to present employment were requested.

4. The alternatives offered for present principal employer (11
on the 1970 form) have varied slightly, as have the alternatives
for first and second most important activity (12 on the 1970 form).

5. Academic rank (10 on the 1970 form) was not included on the

1964 form.
6. The 1970 questionnaire allowed responding physicists to iden-

tify themselves as theorists, experimentalists, or both.

With the possible exception of the slight difference in the
identification of areas of additional competence on the 1968 form,
these variations in the questionnaire were all sufficiently minor
that it was possible to prepare tabulations that would be compar-
able for different years. These were obtained in the form of ta-
bles, with rows corresponding to possible alternative answers to
some one question, columns to alternative answers to some other
question; a selection according to answers to a third question, a
fourth, and so on could be made simply by preparing many tables,
one for each combination of the latter answers. Except for some
tables that were prepared only from the 1970 tapes, the totality
of tables developed for the three years is described, in a con-
densed notatation, in Table 11.4. Here the rows correspond to dif-
ferent categories of tables, in the order in which they appear in
Appendix A. Each such type of table has its rows and columns cor-
responding to the items in the black-bordered boxes. The number of
rows of columns is the number indicated in the black-bordered box,
augmented where so indicated by a total (t) or a grouping into
quartiles (Q's). There is one such table for every combination of
the variables indicated without a black-bordered box. Thus, for
example, there are 3 X 19 X 7 = 399 tables of type 1 for any given
Register year, one for each combination of a degree status (PhD or
non-PhD Or total), an employment specialty (one of 18 physics and
astronomy subfields or total) , and an employer type (one of five
categories, "no response," or total). Each such table has rows
corresponding to the seven possible types of primary work activity,
and "no response" and total, and columns corresponding to the same
alternatives for secondary work activity. Where 12 subfields are
listed instead of 18, all subfields of astrOnomy except the border-
line field, astrophysics and relativity, have been grouped into one.

A few additional tabulations were made from the 1970 tape.
These were (a) subfield of employment by subfield of first compe-
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tence for theorists, experimentalists, those identifying them-
selves as both, and nonrespondents to this question (type 16); (b)
employment specialty by age and degree status for these four
groups (type 17); and (c) employment specialty by professional
identification and degree status for the same groups (type 18).

Printouts of all these tables are available for study at the
NAS. We have made a selection of some of the most interesting ones,
which are reproduced in Appendix A. This selection consists of the
following:

1. Fourteen tables of type 2 (PhD or non-PhD; only t for sub-
field specialty; and 6+t possible answers to the employer type
questions)

2. Twenty-six tables of type 3 (PhD or non-PhD; five employer
types with t for work activity; seven types of work activity with
t for employer type; t for all types of work activity and employer)

3. Twelve tables of type 8 (PhD or non-PhD; 5+t employer types;
only 5 for subfield of employment)

4. Fourteen tables of type 8 (PhD only; 14 subfields of employ-
ment; only t for employer type)

5. Ten tables of type 9 (PhD or non-PhD; four combinations of
sex and student status plus t)

6. Fourteen tables of type 10(14+t subfields of employment;
only t for employer type)

7. Two tables of type 11 (PhD or non-PhD; only t for subfield
of employment)

8. Eighteen tables of type 12 (PhD or non-PhD; 81-t answers to
question on employer type; only t for subfield of employment)

9. One table of type 13 (non-PhD only; only t for subfield of
employment)

10. Fifteen tables of type 13 (PhD only; 144t subfields of
employment)

11. Two tables of type 15 (PhD or non-PhD; only t for subfield
of employment)

12. Six tables of type 16 (PhD only; 54t employer types)



T
A
B
L
E
 
1
1
.
4

T
a
b
u
l
a
t
i
o
n
s
 
A
v
a
i
l
a
b
l
e
 
f
r
o
m
 
t
h
e
 
1

Q
u
e
s
t
i
o
n
 
o
r
 
D
i
m
e
n
s
i
o
n

T
a
b
l
e
 
N
u
m
b
e
r
 
a
n
d
 
N
a
m
e

o f. I C 0 z ...
.. q 

-
-
 
.
.
o

a
.

S
u
b
f
i
e
l
d

S
p
e
c
i
a
l
t
y

G
r
o
u
p

.
e
l
r
u m :
,
.
.

E
, W W T o .-
I 0. E r
.
4

W
o
r
k

.
b
y

.9
A
c
t
i
v
i
t
y

M
a
t
u
r
a
t
i
o
n

Y
e
a
r

G
r
o
u
p
s

u u C . ...
., 0 Q
.

0
x

o
o

U
.3

<
4.

1
U

..
0

0

.
.
.
.
1 -
,
-
. m 0 .ii C
J ..0
 ,-

M
 0

0 
,-

1
<

 ..
...

,

.
.
.
4

m
.
o

.
"
-
'
w

a
o

-1
-1 ..0

".
.

u: gl
e,

es
o

Ln
-r

i
I

+
-I

C
.

.
.
.
l
o
c
.
,

c.
yz

 -

= a. ,4
-1 ° -0 .-
1 C

J 
.-

-.
-,

-.
4 

.0
:..

 -
-'

o z c 0 'V 7
r4

;b
: 4

-b C
JI

--
.

-c
)

g 
0

:U
 :J

.7
cs

) 
:r

s,
-

,
, c
o al G 7 5, 0 ,-
1 m E :0

, 14 R
I

,2 0 31 m Pt
1

s 0 0 M 54 L :,-

4
.
,

,
-
,

c
m

0
C . .

5,
...

...
 .

0
L

 C
-1

-.
-I

C
U

a.
-0

4-
b

E
-0

C
J

ty
 ..

-.
 <

 C
I.

 -
v.

)
0 

co
44

 .-
1

4-
: 0

 .-
1

0
 
-
 
0
 
c
.
.
.
)
 
'
-
,

,
>

,
M

W
'0

m
c

E
0

-,
I

U
W

C
.1

P
.
.
.

cs
)

1
.
 
W
o
r
k
 
a
c
t
i
v
i
t
y

2
.
 
W
o
r
k
 
a
c
t
i
v
i
t
y

E
m
p
l
o
y
m
e
n
t
 
s
p
e
c
i
a
l
t
y
 
v
s

3
.
 
1
s
t
 
a
d
d
i
t
i
o
n
a
l
 
c
o
m
p
e
t
e
n
c
e

4
.
 
2
n
d
 
a
d
d
i
t
i
o
n
a
l
 
c
o
m
p
e
t
e
n
c
e

5
.
 
3
r
d
 
a
d
d
i
t
i
o
n
a
l
 
c
o
m
p
e
t
e
n
c
e

6
.
 
4
t
h
 
a
d
d
i
t
i
o
n
a
l
 
c
o
m
p
e
t
e
n
c
e

W
o
r
k
 
a
c
t
i
v
i
t
y

7
.
 
B
y
 
y
e
a
r
s
 
e
x
p
e
r
i
e
n
c
e

8
.
 
B
y
 
a
g
e

9
.
 
E
m
p
l
o
y
m
e
n
t
 
s
t
a
t
u
s

1
0
.
 
P
h
D
 
f
i
e
l
d
 
b
y
 
a
c
t
i
v
i
t
y

1
1
.
 
A
c
a
d
e
m
i
c
 
r
a
n
k
 
b
y
 
a
g
e

1
2
.
 
S
a
l
a
r
y
 
v
s
 
t
o
t
i
l
 
i
n
c
o
m
e

1
3
.
 
C
i
t
i
z
e
n
s
h
i
p
 
a
n
d
 
b
i
r
t
h
 
b
y
 
a
g

1
4
.
 
A
d
d
i
t
i
o
n
a
l
 
e
m
p
l
o
y
m
e
n
t

4
1
7
n
y
 
t
h
o
 
1
0
7
1
1

r.
1.

...
1.

"-
4-

--
 ..

1-
__

-

2
+
t

1
8
+
t

6
+
t

1
8
+
t
 
I
M
E
I

2
+
t

1
8
+
t

6
+
f

r
g
r
l
I
B
T
E
-
c

7
 
-
t

2
+
f

1
2
+
5

1
2
+
t

5
 
-
t

2
+
t

1
2
+
t

1

1
2
+
t

2
+
t

1
2
+
t

1
2
+
t

2
+
t

1
2
+
t

1
2
+
t

2
+
t

1
2
+
t

5
+
t

I
 
8
+
f
 
I

1
9
+
r
1

2
+
t

1
2
+
t

5
+
t

1
8
4
-
E
-
1

M
il

2
+
t

P
h
D
-
1
1
2
+
t
f

4
+
t

p
+
t
i

1
8
+
t

5
+
t

+
2
+
t

i
d
+
t

+
Q
'
s

2
+
t

e
2
+
t

1
2
+
t

7
+
t

p
+
Z
I
)
3
+
t
f

1
2
+
t

1
1
2
+
t
I

4
+
t
 
I

2
+
t _,
._

,_
_

1
8
+
t

__
, _

6
+
t

[
6
+
t
i

.
-

- 
.

.
.

s
o

u
s
a
r
e
s
o
w
n
 
s
e
p
a
r
a
t
e
l
y
 
a
s
 
w
e
l
l
 
a
s
 
c
o
m
b
i
n
e
d
,

B
o
 
t
h
e
 
n
u
m
b
e
r
s
 
1
2
-
t
 
a
n
d
 
1
8
-
t
 
i
n
 
t
h
i
s
 
c
o
l
u
m
n
 
b
e
c
o
m
e
 
1
4
-
t
 
a
n
d
 
2
0
-
t
,
 
r
e
s
p
e
c
t
i
v
e
l
y
.

c
N
u
m
b
e
r
 
o
f
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
i
n
 
t
h
e
s
e
 
c
o
l
u
m
n
s
 
v
a
r
i
e
s
 
a
c
c
o
r
d
i
n
g
 
t
o
 
w
h
e
t
h
e
r
 
t
h
e
 
"
n
o

r
e
s
p
o
n
s
e
"
 
c
a
t
e
g
o
r
y
 
i
s
 
i
n
-

N
o
t
 
a
v
a
i
l
a
b
l
e
 
1
9
6
4

c
l
u
d
e
d
.



1491 PHYSICS IN PERSPECTIVE

11.1.3 DATA ON CHARACTERISTICS AND MOBILITY OF PHYSICISTS

Chapters 9 and 12 of Volume 1 of Physics in Perspective describe
the flow of physics manpower from initial training to employment
and present data on the employing institutions and work activities
of physicists in various subfields. The sections that follow sup-
plement these data with material on such characteristics as sex,
citizenship, employment status, income, and the like and examine
in greater depth the way in which physics as a discipline and phys-
icists as a community changed during the late 1960's.

11.1.3.1 Demographic Characteristics

11.1.3.1.1 Sex The population of physics is principally male.
Females represented approximately 2 percent of the PhD's and
slightly more than 5 percent of the non-PhD's in both 1968 and 1970.
Table 11.5 shows differences in employment status of male and fe-
male physicists in 1968. The main difference relates to part-time
employment; 1 percent of the males and 12 percent of the females
are employed part time.

TABLE 11.5 Employment Status by Sex, 1968
a
'
b

Employ-
ment
Status

PhD Non-PhD
Male Female Male Female

Number % Number % Number % Number %

Full
time

13,389 97 219 78 10,713 97 428 68

Part
time

129 1 34 12 136 1 67 11

Unem-
ployed,
seeking

42 6 2 75 1 22 3

Unem-
ployed,
not
seeking

13 11 4 25 104 17

Otherc 230 2 10 4 151 1 7 1

Total 13,803 100 280 100 11,100 100 628 100

cData on nonstudents only.
b 1968 data presented because of minor problems in the interpre-

tation of the 1970 data on non-PhD's.

cTncludeR retired and no response to question on employMent status.

A second difference pertains only to non-PhD's. Those who are

not employed and not seeking employment are regarded as outside
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the labor force, at least temporarily. As Table 11.5 shows, 17

percent of the female, non-PhD physicists have dropped out of the

labor force, compared with less than 1 percent of the males. This

finding could result from a lower degree of commitment among non-
PhD women physicists, temporary family responsibilities, or lesser

job opportunities.
Register data on women physicists also show the following.

1. Women PhD's are more likely to be employed in universities

and colleges and less likely to be employed in industry than are

men.
2. Women non-PhD's are more likely than male PhD's to be em-

ployed in secondary schools and junior colleges.
3. Women physicists' salaries are lower than those of male

physicists, regardless of type of employer.
4. Women physicists less frequently receive government support

than do male physicists.

11.1.3.1.2 Age The median age of PhD physicists in 1970 was 37.4

and that of non-PhD's, 32.9. Table 11.6 shows the age distribution

of physicists. Approximately 50 percent of the PhD's are in the
30-39 age group, and about 50 percent of the non-PhD's are in the

25-34 age group.

TABLE 11.6 Age Distribution of PhD's and Non-PhD's, 1970

Age
PhD's Non-PhD's

Number Percent Number Percent

24 and under 5 -- 815 4.6

25-29 1808 11.1 5411 30.7

30-34 4467 27.5 3844 21.8

35-39 3188 19.6 2409 13.7

40-44 2494 15.4 1732 9.8

45-49 1953 12.0 1537 8.7

50-54 966 6.0 874 5.0

55-59 631 3.9 548 3.1

60-64 408 2.5 331 1.9

65-69 231 1.4 121 0.7

70 and over 78 0.5 21 0.1

TOTALa 16,229 17,643

aTotal refers to those whose employment was known. There were 19

PhD's and 36 non-PhD's who did not provide data on age.

Because of the heavy influx of new PhD's during the 1960's, the

median age of the PhD group dropped from 38.2 in 1964 to 37.4 in

1970. Table 11.7 shows the change in median age by subfield and

convergence toward the overall median age in 1970. Such cluster-
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ing about the median suggests heightened competition within age
groups.

TABLE 11.7 Median Ages of PhD's by Subfield in 1964 and 1970

Subfield 1964 1970 Change

Astrophysics and relativity 34.7 34.7 --

Atomic, molecular,and electron 36.5 35.3 -1.2

Elementary particle 34.1 34.2 +0.1

Nuclear 37.3 37.8 +0.5

Plasma physics and physics
of fluids

36.7 37.0 +0.3

Condensed matter 36.7 36.4 -0.3

Earth and planetary 38.1 37.4 -0.7

Physics in biology 40.6 37.2 -3.4

Optics 40.3 38.7 -1.6

Acoustics 42.2 40.1 -2.1

Astronomy 37.4 35.0 -2.4

Miscellaneous 42.8 41.4 -1.4

All subfields 38.2 37.4 -0.8

in the 1970's the expected decline in new PhD's should result
in a slowly aging community. The now young, heavily academically
based populations in some subfields will show an increase in aver-
age age as academic positions decrease; the currently somewhat old-
er, nonacademically based populations might increase slightly in
number and decrease in average age.

11.1.3.1.3 Place of Birth and Citizenship In 1970, 75 percent of

the PhD physicists in the United States were U.S.-born citizens.
Approximately half (1700) of those who were foreign born became
U.S. citizens; 1900 retained their foreign citizenship. The number

of PhD physicists who were U.S.-born citizens increased by 50 per-
cent between 1964 and 1970; however, the foreign-born PhD physicist
population in the United States nearly doubled. The noncitizen
group could be somewhat larger than the figures reported in the
National Register survey, for many who do not become citizens are
a transient group, often returning to the country of origin, and

such groups are unusually undercounted in surveys.
Characteristics of the U.S.-born citizen, foreign-born U.S. citi-

zen, and noncitizen groups vary. Table 11.8 shows the distribution

of these groups by age in 1970. The foreign-born U.S. citizens
have a median age of 43.7 and constitute a relatively high propor-
tion of the older 060) age cohorts. In sharp contrast, the non-
U.S. citizen group has a median age of 35, with four fifths of them
in the 25-39 age range. The decrease in the number of noncitizens
in the older age cohorts could result from return migration or nat-
uralization.

3 9
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Table 11.9 shows the distribution of citizen and noncitizen
groups by subfield of employment. The noncitizen group is somewhat

more heavily concentrated in the so-called intrinsic subfields than

in the extrinsic ones such as optics, acoustics, physics in biology,

and earth and planetary physics. Some of this difference may re-

sult from age, for certain subfields tend to attract young people,

and the noncitizens are a comparatively young group. The variation

by subfield still occurs, however, if one controls for age by con-

sidering a single age group, for example, the 35-39 year old group
in which the highest proportion of noncitizens (16.5 percent) is

found. Table 11.10 shows the proportion of noncitizen PhD's in

this age group in each subfield. More than one fifth of the 35-39-
year-old population in such major subfields as astrophysics and
relativity, elementary-particle physics, and plasma physics and

physics of fluids is noncitizen.

TABLE 11.10 Proportion of Noncitizen PhD's, 35-39 Years of Age,

in Each Subfield

Physics
Subfield Percent Foreign-Born Noncitizens

Astrophysics And 25.0

relativity
Elementary Particle 22.5

Plasmas 21.9

Physics of Fluids 20.2

Nuclear 18.7

.Atomic, molecular, and 18.6

electron
Condensed-matter 17.2

Earth and planetary 14.9

Optics 14.5

Astronomy 14.0

Miscellaneous 10.8

Acoustics 8.5

Physics in biology 7.1

All subfields 16.5

Only about 10 percent of the non-PhD physics population in 1970

was foreign born. The small number could result from the entry of
fewer non-PhD foreign physicists to the United States or to less

adequate figures on foreign pre-PhD students than on foreign PhD's.

The data on foreign-born physicists do not show how many came

to the United States for education or specific work experience and

returned to the country of origin or the number who remained. The

U.S. Department of Labor estimates indicate that some 4000 physi-

cists have immigrated to the United States since 1949. How many

had training at the time of immigration sufficient for them to be

4 2
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regarded as physicists, their age distribution, and the rate of
return migration are not known. According to the 1970 National
Register the number of foreign-born physicists is higher than the
Department of Labor's estimate--about 6000. However, there are no
data on when these physicists immigrated--before or after 1949, be-
fore or after becoming a physicist.

The Doctorate Record File affords data on the postdoctoral des-
tination and activity of new PhD's in physics and astronomy from
1958 through 1970 (see Table 11.11). Of the 1918 noncitizen PhD
recipients, 53 percent remained in the United States and 40 per-
cent of these went into postdoctoral study. Twenty-three percent
of the noncitizen group left the United States, and these went
more often into employment than postdoctoral study. The destina-
tions of 24 percent were unknown.

TABLE 11.11 Location and Activity of New PhD Physicistsa

Postdoctoral Study Employment
Citizenship U.S. Foreign U.S. Foreign Unknown Total

United 1695 420 6024 152 1979 10,270

States
Foreign 392 139 626 301 460 1 918

12,188
b

aData from the Doctorate Record File; U.S. Doctorates, Physics and
Astronomy FY 58-70.

bThere were 303 PhD's on whom data were incomplete, bringing the
total to 12,491.

11.1.3.1.4 Driployment Before discussing the changing employment
and mobility patterns of physicists, some background information
on their employment is needed to place the analyses in context.
Table 11.12, showing employment patterns of PhD physicists from
1964 through 1970, is repeated from Physics in Perspective, Vol-

'time I, page 832, for it presents data on several topics that we
will discuss further--type of employer, subfield of employment,
and changes in these with time.

Much of the discussion that follows deals with comparisons of
those in academic and nonacademic employment. When relevant, the
nonacademic group is subdivided, as in Table 11.13.

The distribution of academic and nonacademic physicists among
subfields shows many similarities (see Table 11.14). Exceptions
are optics and condensed matter, which have somewhat higher per-
centages of nonacademic than academic physicists, and elementary-
particle physics, which is principally university-based. A sub-
stantial number (23 percent) of the nonacademically employed PhD's
work in general physics or other sciences.

4 3
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TABLE 11.13 Percentage Change in PhD Employment, 1964-1970

Employer 1964 1970

Percentage of
Yearly Change('

College and university 4,478 8,223 0.139

Industry 2,450 3,805 0.092

Government 917 1,468 0.100

ReseaEch center 1,930 1,912 -0.001

Other 558 840 0.084

TOTAL 10,333 16,248 0.095

a 1970-19641196416.

bIncludes high school, junior college, hospital, and other non-
profit organizations.

TABLE 11.14 Distribution among Subfields of Academically and
Nonacademically Employed PhD's in 1970

Physics
Subfield

Employment (%)

Academic Nonacademic

Condensed-matter 22 29

Optics 4 10

Atomic, molecular, and electron 7 6

Plasmas and fluids 6 7

Nuclear 11 11

Elementary-particle 13 4

Other 8 23

Earth, planetary, astrophysics
and relativity, and astronomy

9 10

Teaching of physics 20 0

Figure 11.1 depicts the distribution among subfields of PhD
physicists employed in industry, government, and research centers

in 1970. Major emphasis in industry is on optics and condensed
matter, and in research centers, on nuclear physics, elementary-

particle physics, and plasmas and fluids. Most nonacademically
employed physicists in earth and planetary physics, astronomy,
and astrophysics and relativity work for the government.

Regardless of where a physicist is employed, at least part of
his work generally is supported by the federal goverpment. In

1970, 9491 PhD physicists who responded to the National Register

4 5
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(59.4 percent of the total respondents in physics) acknowledged
government support.* Twenty-one percent of these physicists were
employed by the government or by federally funded research and
development centers; however, 52 percent of those in nonfederal
employment received some government support, as Table 11.15 indi-
cates.

40%

NDUSTRY

GOVERNMENT

F1RESEARCH CENTER

CON- OPTIC
DENSED
MATTER

n
ATOM C, ASTRO- PLASMAS NUCLEAR ELEM. OTHER
MOLEC,, PHYS,, AND PARTICLE
ELEC EARTH MA3 FLUIDS

PLAN.,
ASTRON.

FIGURE 11.1 The distribution of nonacademic PhD employment by
subfield.

The fraction of the physics population receiving federal support
decreased by 11.5 percent between 1968 and 1970, although the ab-
solute number receiving such support increased by 4 percent. The
federal programs in which physicists work appear in Table 11.16.
Defense, atomic energy, and space programs account for three fourths
of the funds acknowledged by Register respondents. The DOD, AEC,
and NASA account for 91 percent of the federal expenditures in
basic and applied research in physics. The distribution of feder-
al obligations for basic and applied research in physics is shown
in Table 11.17 for comparison with the distribution among federal
programs of support acknowledged by Register respondents shown in
Table 11.16. The acknowledgments of support suggest that physi-

The 634 astronomers shown in Table 11.12 are not included in the
analyses and comparisons of funding. Although some physicists
working in astrophysics and relativity and earth and planetary
physics may receive funds under federal astronomy programs, the
distortion in manpower figures is likely to be small in compari-
son with the distortion in support figures that would be introduced

by inclusion of federal obligations in astronomy.
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TABLE 11.15 Fraction of PhD Physicists Not Employed by the Federal

Government Who Acknowledged Some Federal Support

Employer Percent Indicating Federal Support

University 56

Industry 42

Other nongovernment 61

Total nongovernment 52

TABLE 11.16 Sources of Federal Support Acknowledged by PhD
Physicists in 1970a

Program

Percentage of
Funds Supporting
Work in Physics (%) No. of PhD'sb

Defense
Atomic energy
Space
Subtotal, defense/space

32

27

15

74

3,861
3,228
1,854

8,943

Education 8 1,011

Health 4.5 541

Housing, public works,
transportation, and
urban development

2.5 307

Agriculture, natural re-
sources, and rural
development

2 260

Other 8 946

Subtotal, nondefense/
space

25 3,065

TOTAL 12,008 12,008

a
Excludes astronomy.

b
Includes multiple responses. Of 15,987 PhD's, 9491 reported at

least one source of government support.

,47
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TABLE II.1Z Federal Obligations for Basic and Applied Research
in Physics

Percentage Distribution of $613 Mil-
Agency lion Obligated, FY 1970 (%)

DOD 30

AEC 38

NASA 23

Subtotal, defense/space

NSF
Other

5.5

3.5

91

Subtotal, nondefense/space 9

a
Source of data: FederaZ Funds for Research, DeveZopment, and

Other Scientific Activities. National Science Foundation
(NSF-70-38) (Volume 19).

TABLE 11.18 Acknowledgments of Federal Support by Subfield

Physics
Subfield

Percentage of PhD's Acknowledging
Support from the Government (%)

Plasmas 86

Acoustics 78

Nuclear 74

Elementary-particle 69

Earth and planetary 81

Astrophysics and relativity 57

Physics of fluids 73

Optics 61

Atomic, molecular, and
electron physics

61

Condensed matter 55

Miscellaneous (including
teaching)

46

All subfields 61

4 8
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cists are finding work in fields other than the traditional ones
of defense and space. It is not clear in the Register data which
program, education or other, a respondent supported by the NSF
would indicate. The major finding from this comparison is that
support from agencies other than those concerned with defense and
space, although amounting to only 9 percent of the federal obli-
gations for physics research, affects one fourth of the physicists
supported, at least in part, by government programs.

Physicists in some subfields receive more federal support than
those in others, as Table 11.18 indicates.

Another source of information on the support of physics research
is acknowledgments of support in published journal articles. These
data are presented and discussed in Chapter III, especially in
Tables III.2--III.6 and Figure 111.1. This Chapter explores in
detail the support of physics in research by government, industry,
and universities.

Multiple employment is a characteristic of professional life.
For the academically employed physicist its economic benefits can-
not be overlooked, and it generally offers a point of contact be-
tween academic and nonacademic institutions that is valuable.
Register data suggest that such interaction has been sharply re-
duced between 1968 and 1970, presumably as a consequence of in-
creasingly stringent economic conditions. In 1968, some 400 uni- -

versity-based PhD's reported additional employment outside the uni-
versity and 400 nonacademically employed PhD's reported a secondary
job, usually in a university. By 1970, these numbers had decreased
by about a factor of 2. Since the questionnaire does not detine ad-
ditional employment, the data are likely to represent a lower bound

on personnel interchanges--those individuals for whom a second job
represents a substantial commitment of their total professional
obligations.

Funds generally regarded as discretionary have been severely
affected by the economic situation; consequently, there has been a
marked decrease in summer employment of faculty and exchanges of
personnel among academic and nonacademic institutions. Such ex-
changes, which are highly cost effective in terms of productivity,
are highly vulnerable to budget expediency.

Professional employment includes a number of specific work ac-
tivities--for the physicists, principally research, teaching, and
the management of research and development. Rarely does a single
activity adequately describe the work of a particular physicist.
The individual ordering of such activities varies with institution-
al setting and over time with the development of a professional
career. The following statistical analysis provides a description
of the major work activities of physicists in th% socioeconomic
circumstances that prevailed in the late 1960's. Taken together
with the preceding data on employment, this analysis provides a
quantified picture of the traditional employment of a physicist.
In interpreting this picture and assessing its relevance.to future
projections, one must take into consideration that what a physicist

We are indebted to Hugh Odishaw for a critical discussion of
this point.

4 9
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can do may be qualitatively different from a statistical picture of
what he currently does. Such differences could become significant

in the 1970's. Future changes, of course, cannot be quantified,
but one can get some insight into the modes of change by examining
patterns of mobility of physicists, discussed in detail in 11.1.3.2.

Respondents to the National Register specify their primary and
secondary work activities, and the aggregation of these responses
provides a more detailed picture of the distribution of activity
characterizing the employment of a physicist. The pattern of ac-
tivity for all age groups taken together appears in TalAes 11.19
and 11.20. A single work activity adequately describes the pro-
fessional employment of but 13 percent of the physicists. In aca-

demia research generally is combined with teaching; in nonacademic
settings basic research typically is combined with applied research
or development, and both types of research are often combined with
the management of research and development.

A major difference between PhD's working in academic institutions
and those in other types of employing institutions is, of course,
involvement in teaching. More than four fifths (84 percent) of
the academically employed PhD's had teaching responsibilities, and
69 percent combined teaching and research. Research was a major

work activity in all employment settings. As adding the first two

columns in Table 11.21 will show, approximately 85 percent of the
PhD's in industry, government, and universities reported some in-

volvement in research. An even higher percentage, 94 percent, of
those working in federally funded research and development centers
was engaged in research. Among the PhD's working in other types
of institutions (5 percent of all PhD's), 70 percent had research

responsibilities.
Figure 11.2 presents a comparison of the research involvement

of physicists in various types of nonacademic employment.
Emphasis on basic research in the universities and research

centers has remained essentially constant since 1964; however,

basic research in industry and government, always a relatively small
fraction of the total activity of such institutions, has declined
further, as shown in Chapter 12 of Physics in Perspective, Vol-
ume 1, Figures 12.24 and 12.25. Thus basic research is becoming

increasingly isolated in the universities and research centers.
If the university population is subdivided into those who are

primarily research oriented and those who are primarily oriented
toward teaching, the pattern indicated in Table 11.22 and Fig-
ure 11.3 results. Although minor fluctuations in percentage must
be interpreted with care, the data suggest a shift toward more
research-oriented activities between 1964 and 1968 and'a reverse
shift back to teaching between 1968 and 1970. The university ad-

justed to the changing research climate by slightly altering its

work activities. It is doubtful that such flexibility will be pos-
sible in the future, with projected decreases in both university
teaching and research functions.

The priorities assigned to the various activities that comprise
a physicist's professional life change over time. The emphasis on
basic research that characterizes the early years gives way to

5 2
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TABLE 11.21 Research
a

and Other
b Activities of PhD Physicists in

1970 by Employer

Employer
Research and
Development

Research and
Development
and Other Other Only Total

University 720 (0.09) 6008 (0.74) 1304 (0.13) 8,032

Industry 1789 (0.48) 1411 (0.37) 533 (0.15) 3,733

Government 573 (0.40) 658 (0.44) 201 (0.16) 1,432

Research 932 (0.50) 828 (0.45) 116 (0.05) 1,876

,tenter

Other 231 (0.28) 345 (0.44) 247 (0.28) 823

Total 4245 (0.26) 9250 (0.58) 2401 (0.15) 15,896

a Research includes basic research, applied research, and develop-

ment
b In the university, other refers predominantly to teaching; in non-

academic employment, other refers predominantly to management.

cTotals may vary somewhat from earlier employer totals because a

small number of people did not respond to the work activity

question.

TABLE 11.22 Research and Teaching Orientations in Universities,

1964-1970 (%)

Orientation 1964 1968 1970

Research oriented 40 47 44
Research and other 14 16 15

Research and teaching
(research primary)

26 31 28

Teaching oriented 59 51 55
Teaching and research
(teaching primary)

38 37 40

Teaching and other 21 14 15

5 3
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FIGURE 11.2 The work activities of nonacademically employed PhD
physicists in 1970.

increasing management responsibilities. In universities the com-
bination of research and teaching shifts toward teaching and man-
agement, and in nonacademic institutions a career is likely to
move from basic research into applied research and development,
then into the management of research and development, as illus-
trated in Tlble 11.23. The data in the Table are based on respon-
dents to both the 1968 and 1970 Registers who remained in the same
type of employing institution, a sample of approximately 70 per-
cent of the total 1970 Register population. Comparison of the

1968 and 1970 combined work activity for this relatively stable
group shows that the changes in such activity follow the age gra-
dients implied by the data of Table 11.23.
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6 0
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5 2

4 0

3 6

1964 1968 1970

FIGURE 11.3 Variations in teaching and research orientation in
universities, 1964.1970.

11.1.3.2 Subfield Mobility

The distribution of young PhD's among subfields closely resembles
that of graduate students and university-based physicists in gen-
eral, as Table 11.24 shows. This comparison reflects a pattern
of early choice that persists despite the change of status from
graduate student to PhD. By age 30, 44 percent of the physics
PhD's have left university study or employment and have adapted
their interests to new environments. Within this pattern of per-
sistent interests, however, substantial mobility among subfields

occurs. The subfield transition matrix in Table 11.25 depicts

this mobility. The striking feature is that 25 percent of the 971
who remained in the eight major subfields changed from one of these

subfields to another.
In addition to mobility among subfields, there also is a sub-

stantial flow into other areas, for example, teaching, computer
science, and other fields. Seventy percent of the 178 PhD's mov-
ing into other areas went into general physics and teaching; the
other 30 percent (4.3 percent of the degree mobile cohort) went

into other sciences. The imbalance between outward and internal

5 6
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TABLE 11.24 Subfield Distribution of Graduate Students, Young
PhD's and University-Based PhD's

Physics
Subfield

Graduate
Students

a

W = 9000

PhD's
<30
N = 1813

University-
Based PhD's
N = 8208

Condensed-matter 27.3% 27.0% 21.8%
Elementary-particle 15.7 13.8 13.0
Nuclear 14.8 11.4 11.3
Atomic, molecular,
and electron

7.4 8.0 7.0

Plasmas and fluids 3.4 6.4 6.4
Optics 2.6 4.8 3.4
Physics in biology 1.3 2.1 1.6
Acoustics . 1.1 1.4 1.2
Astronomy.and
astrophysics

4.9 7.9 6.7

Other 21.5 17.0 26.4

a Source of these data is American Institute of Physics publication
No. R-207.2.

mobility could have been biased by the selection of a sample popu-
lation consisting only of physicists; however, a longitudinal anal-
ysis of the entire PhD population between 1960 and 1966 indicates
that this trend is not artificial.

New PhD's who leave the university are more likely to change
subfields than those who remain. In our sample which includes 44
percent of all physics and astronomy PhD's granted in 1968 and
1969, the 466 young people who left the university were 36 percent
more likely to change subfield than the 614 who remained. Of those
who remained, about 250 were probably postdoctorals, a status often
used for advanced specialization rather than diversification.

The pattern of youthful interest in physics subfields differs
significantly from that of the physics population as a whole.
These differences are reflected in a comparison of the age distri-
butions of the various subfields, a comparison that is facilitated
by constructing a set of appropriate cohort ratios. Table 11.26
presents a comparison of the ratio of the under 30 cohort with the
40-45 cohort.* The variations from average among the subfields
illustrates a distinct pattern of youthful interests compared with
mature interests, which is depicted in Figure 11.4. The general
persistence of this pattern since 1964 also is indicated in Fig-
ure 11.4, although some changes are evident. Interest in physics
in biology has increased, and that in elementary-particle physics,
which still attracts the young, clearly is decreasing. Interest

The analysis is not sensitive to the particular choice of a mature
cohort. A rank ordering of the subfields by median age illustrates
the trend.

5 7
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TABLE 11.25 .Subfield Transition Matrix for Physicists Receiving

the PhD between 1968 and 1970a'

Subfield
in 1968

Subfield in 1970 Op& A&R, Total
1968AME EP NP P&F CM PB Ac E&P Other

AME 44 1 3 5 15 4 14 4 23 113

EP 0 109 10 2 7 0 3 10 26 167

NP 5 5 107 4 11 2 2 6 23 165

P&F 2 1 0 52 6 0 5 3 10 79

CM 11 2 6 10 272 6 34 4 65 410

PB 1 0 3 0 1 12. 2 0 3 22

Op&Ac 6 0 0 0 7 0 29 1 9 52

A&R,E&P 2 1 2 2 4 0 8 108 19 143

Other 1 4 2 1 10 2 8 4 70 102

Total 72 123 133 76 333 26 102 140 248 1251°

1970

aSubfield abbreviations used are the same as those identified in

Table 11.9, footnote b.
bAge characteristics of the sample: lower quartile 28.6; median

30.2; upper quartile 32.9. Mobility with regard to type of employ-
ing institution: mobile 37 percent; static, academic 49 percent;
static, nonacademic 14 percent.
cThere were 604 additional respondents whose responses on subfields

were incomplete.

in astronomy and earth and planetary physics has increased consid-
erably, and that in plasmas and fluids has diminished. The over-

all regularity and persistence of the interest profile suggests
that the emphases of the previous decade do not persist in the sub-

field age distribution; subfield mobility effectively dissipates

fluctuations in fashion.
The profile of youthful interest depicted in Figure 11.4 is

similar to the profile of foreign involvement in U.S. physics dis-

cussed in Chapter 8 of Physics in Perspective, Volume 1 and shown

there in Figures 8.9 and 8.10. The concentration of foreign-born
physicists varies with subfield in the same way as the concentra-
tion of young physicists and the median age of the foreign group
is inversely correlated with concentration; that is to say, sub-

fields that attract many foreign physicists also attract principal-

ly young foreign physicists.
A significant feature of the data of Table 11.26 is that the

relative concentration of young PhD's is not correlated with dif-

ferential subfield growth. Although this finding may reflect to

some extent limitations on the available options in graduate edu-

cation, it is clear that the rapid growth of astrophysics and rela-

tivity, earth and planetary physics, and optics results from in-

tellectual mobility at all ages. Optics provides a representative

example.
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Between 1964 and 1970 approximately 700 PhD's went into optics.
(The increase of 600 shown by Register data is about 85 percent of
the total.) In this same interval the Doctorate Records File shows
80 new PhD's in optics. To have met the actual growth rate with
physics graduate students (assuming 100 percent retention of new
doctorates in the subfield) would have required an 875 percent ex-
pansion of university facilities as well as a promotional campaign
to reverse what is apparently a rather well-established motivational
pattern. There is no evidence to suggest that optics received any
special external stimulation, such as increased federal support
during this period of growth.

Table 11.27 shows changes in optics manpower between 1968 and
1970. The major interchanges with optics were with atomic, molec-
ular, and electron physics and condensed matter, subfields with
which considerable overlap might be expected. However, a nontriv-
ial interchange with all subfields is evident. Among established
PhD's only about 300 remained identified with optics in both years;
471 entered from other subfields and another 303 left. The static
component in the subfield is relatively small compared with the
mobile population and the net change in optics is the difference
between two large numbers. All ages participated; the median age
of inward mobile components correlates roughly with the median age
of the subfield of origin. An examination of simultaneous changes
in type of employing institution among optics PhD's between 1968
and 1970 provides no evidence that external circumstances had any
particular effect on manpower interchanges in tht subfield. Of
the 289 established PhD's who worked continuously in optics, 10
percent changed type of employing institution; of the 471 PhD's who
entered the subfield, 13 percent changed type of employing insti-
tution. Taken together, 11.6 percent of the 1970 optics manpower
had made a change in type of employing institution since 1968, the
same percentage as for the overall physics population. The move-
ment into optics, then, is largely an in situ process.

The pattern of subfield interchanges for all PhD's in the 1970
Register for whom adequate responses were also available in 1968
appears in Table 11.28. The sample amounts to 80 percent of the
PhD's in the 1970 Register, an estimated 65 percent of the total
U.S. physics PhD population. On the basis of this classification
scheme (an 11 by 11 matrix), some 34 percent of the physics PhD's
changed the subfield in which they were working between 1968 and
1970. Some subfields had a higher proportion of mobile PhD's than
others, as Table 11.29 shows. This Table ranks the subfields ac-
cording to the inward mobile fraction of the 1970 totals. In some
instances, the apparent variation results from the diversity of
specialties that comprise a given subfield. In condensed matter,
for example, a major change in scientific interest from supercon-
ductivity to high-pressure physics would not show in the matrix of
Table 11.28. In contrast, elementary-particle physics, another
subfield of low mobility, is defined by only six specialties
hadrons, leptons, photons, high-energy cosmic rays, quantum field
theory, and other. This brief list adequately describes the in-

terests of 84 percent of the 1970 elementary-particle Physics pop-

ulation. The actual magnitude of the mobility inferred from such

6 1



1516 PHYSICS IN PERSPECTIVE

TABLE 11.27 Changes in Optics Manpowera between 1968 and 1970

Subfield
in 1968 New PhD's Doctorates before 1968

or 1970b Entrants Leavers Entrants Med. Age Leavers Med. Age

Op 19 298 41.6

AME 14 6 92 38.7 60 43.0

EP 2 0 10 34.0 4 35.5

NP 2 0 26 45.2 5 51.5

P&F 4 0 27 37.5 5 36.2

CM 25 5 211 41.3 95 39.2

E&P 4 0 11 41.5 19 39.9

PB 1 0 8 47.5 6 48.5

Ac 0 0 7 41.5 2 36.5

Astron 0 1 11 33.5 4 41.5

Gen. phys. 7 4 47 41.0 65 47.5

& teach.
Other
sciences

1 1 21 44.0 38 47.3

1970
total

79 769 40.9

Other
subfields:
Entrants 60 471

Leavers 17 303

1968
total

36 601 42.4

aBased on respondents to both the 1968 and 1970 National Register

surveys. Such respondents amount to 64 percent of new PhD's and

about 65 percent of all established PhD's.

bSubfield abbreviations used are those indicated in Table 11.9,

footnote b.

a transition matrix depends, of course, on the dimensionality of

the matrix; the finer the distinctions, the greater the numerical

magnitude of the mobility.
Table 11.30 presents a comparison of established PhD's with the

degree mobile cohort and shows that established PhD's are about as

likely to change subfields as are new PhD's. More scientists move

away from the discipline-intensive physics subfields than enter;

the flow to other sciences amounts to 3 percent for established

PhD's compared with 4 percent in the young cohort.* The higher

*A 10 percent flow of new physics and astronomy PhD's to other fields

is reported by the Office of Scientific Personnel in 1969 (OSP-MS-3,

April 1970). The difference results from different definitions.

We have included some chemistry, earth sciences, and biosciences

in physics subfields.

6 2
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TABLE 11.28 Transition Matrix between 1968 and 1970 by Subfield
of Employment for all 1970 PhD's"

. 1 _ + - . - _ , - . - _ - -4 ^ +

,011 Am- 1968
1964 6M4 Er NP Phf CM FAP PH op Ac trun Mime Total

_. ......

42 1
q

1 2 4 -----7 ----1-1----01
646 36.9 41.5 15.5 19.5 17.5 12,', 100) 12.0 36.2

2 440 9 16 17 10 4/ 10/ lq 9 106 I 14 155 925
Allf 15.5 16.9 19.0 11.2 14.4 14.5 17.6 15.5 39.2 0.5 32.4 11.5 35.2 39.3 17.0

11 15 895 hi 7 1 10 25 28 2 12 4 140 1210
61, 15.0 15.5 14.4 15.9 14.0 31.5 0.8 31.0 31.0 36,5 33.5 32.5 219.5 14.0 34.3

6 18 54 115h 12 14 20 89 21 16 28 4 235 1674
NP 35.5 11.8 41.8 18.7 17.5 11.1 14,5 19.5 15.5 36.1 43.5 14.0 41.5 39.3 38.7

1 17

6

202 11 215 45 12 2 10 4 1 52 367
F 55.5 41.0 11.1 17.5 40.9 11.1 40.5 18.7 14.5 37.5 16.5 14.5 29.5 41.2 39.3

1 12 6 26 110 156 14 11 1 21 1 I 29 450
P 35.5 37.8 41,0 41.5 13.9 37.2 36.8 36.5 41.5 31.5 35.5 27.5 11.5 39,9 37.2

2 29 12 228 343 571 59 21 3 31 5 2 81 825
IMF 4',.'., N.5 1/.5 40.5 19.9 16,9 37,9 17.9 36.2 33.5 35.5 33.5 30.5 40.4 38.1

2 115 11 48 88 13 101 2634 26 25 236 38 3 478 3759
CM 51.5 17.0 16.7 42.5 16.3 35.5 36.2 37.1 18.5 16.2 39.8 35.4 47.5 39.9 37.5

h 9 15 2 4 1 7 17 323 1 15 2 37 52 486
FAP 42.5 0.5 17.7 32.5 41.5 13.5 35.5 40.0 38.5 35.5 39.0 55.5 37.7 40.0 38.6

1 22 4 4 6 112 9 6 1 17 19U
PH 51.5 18.5 15.5 15.5 45.5 19.0 47.0 37.5 41.5 37.5 39.1

66 4 5 2 3 5 100 19 6 117 2 5 108 637
op 40,0 15.5 51.5 36.5 36.0 36.2 18.7 19.9 48.5 41.1 36.5 36.0 46.7 41.6'

I 2 6 1 7 24 2 9 7 171 26 249
Ac 43.5 51.5 37.5 35.5 35.5 40.5 45.5 38.0 41.5 43.6 46,5 43.0

75 12 7 2 2 2 4 6 55 3 11 1 391 91 658Astron 0,7 40.5 37.5 43.5 38.5 33.5 34.5 32.5 35.4 47.5 33.5 31.5 36.6 42.1 36.1
9 34 31 59 51 10 61 179 55 15 76 22 17 1327 1885Hine 39.0 42.5 34.8 40.0 42.0 46.5 42.7 39.4 44.7 47.5 41.5 43.8 43.5 44.2 43.5

Tots) 195 781 1064 1190 441 146 817 1748 581 701 948 ?57 604 2721 12409
1970

31.2 32.1 31.3 33.0 13.9 32.5 33.2 32.3 32.7 33.0 33.7 34.5 31.3 34.6 32.8
35.4 37.4 34.9 38.7 39.1 36.6 37.8 37.2 38.3 38.6 39.7 40.8 36.6 42.3 38.3
40.7 44.7 40.8 45.3 45.9 42.6 44.3 43.4 45.1 47.7 47.3 50.4 44.2 49.8 45.6

''Subfield abbreviations used are those identified in Table 11.9, footnote b.

"lover quartile, median, and upper quarttle.

subfield mobility of new PhD's is associated with the major upheav-
al that takes place between graduate school and postdoctoral em-
ployment.

Established PhD's change jobs from time to time, and such changes
afford opportunities to undertake new scientific interests. Be-
tween 1968 and 1970, 11.9 percent of the established PhD's changed
type of employing institution; Table 11.31 compares the concurrent
changing of subfields of the mobile physicists with interchanges
of those who remained in the same type of employment. Clearly,
those who change jobs are 20 percent more likely to change sub-
fields than are those who do not. However, a substantial amount
of subfield changes occur within one type of employment. Those
who move into and leave universities--the major component of em-
ployment-change group-- may_jo,so. a5 a result of the pursuit of
a certain type of research, or they may redirect their interests
to be compatible with a more satisfactory employment circumstance.
Employment mobility produces, on the whole, no more than a 20 per-
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TABLE 11.29 Subfield Mobility between 1968 and 1970, Ranked

According to the inward Mobile Fraction of the 1970 Total

Physics
Subfield

Inward Mobile an a Fraction of
1970 Total (Z)

Elementary-particle 15.9

Nuclear 17.8

Condensed-matter 18.9

Astronomy 19.8

Plasmas and fluids 31.8

Acoustics 33.5

Atomic, molecular, and electron 43.8

Physics in biology 44.3

Earth and planetary 44.4

Astrophysic9 and rolativity 57.9

Optics 62.6

Miscellaneous 51.2

TABLE 11.30 Subfield Mobility, 1968 to 1970

PhD's

Internal Mobility
among Eight Major
Subfield Groupingsa Outgoing

b Incoming
b

New
Established

257. 14.2% 2.5%

21% 10.7% 4.6%

a Percentage of the 8 X 8 group.

bPercentage of the total population.

TABLE 11.31 Subfield Mobility of Established PhD's, 1968 to 1970

Type of Internal Mobility

Employing among Eight Sub- Out- In- Med.

Institution Percent field Groupings going coming Age

Mobile 11.8% 25.8% 12.2% 5.0% 35.9

Static 88.2°. 20.1% 10.8% 4.8% 39.8

cent enhancement of subfield mobility. The employer-mobile popula-

tion is distinctly younger than the employer-static part of the

established PhD population, but, as age characteristics of mobility

6 4
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wilt show, this finding suggests, tt anything, an even greater en-
hancement of subfield mobility due to simultaneous employment
mobility.

To examtne the age dependence of subfield mobility, we examined
data on the employer-static, established PhD's. The results appear
In Table 11.32. The myth of youthful Intellectual. mobility was
unsubstanttated. If anything, it appears that the Likelihood of
diversification of scientific interest is correlated with profes-
sional maturation. This result was checked against Register data
on an earlier interval, 1960-66. The results are shown in Table
11.33, The upward trend displayed by the youngest cohort probably
is a consequence of degree mobility; about 25 percent of that co-
hort received the PhD shortly after the survey in 1960. The pat-
tern of subfield interchanges between 1960 and 1962 is generally
comparable with that between 1968 and 1970. Although variation of
mobility patterns with age is almost nonexistent in both sets of
data, there were some differences in overall mobility. At the
beginning of the decade there were fewer interchanges among major
subfields than at the end of the decade. A balanced interchange
between the major subfields and general physics and other sciences,
which prevailed in the earlier period, became a discernible out-
flow by 1970. The actual magnitude of these changes is not large,
but the trends are clear.

In regard to mobility by subfield, the data were generally simi-
lar for the two intervals. Those subfields broadly related to
others are characterized by high mobility at both times; the most
striking changes occurred in optics and physics in biology, two
subfields of intense current interest.

An examination of the dependence of subfield mobility on type of
employing institution suggests that changes with time are related
to stresses on the physics community. These data appear in Table
11.34. Clearly, the circumstances at the end of the 1960's have
increased the subfield mobility of industrial physicists and de-
creased that of university physicists. The differences are not
an artifact of a restricted definition of subfields, as the second
column of Table 11.34 shows. There mobility is estimated on the
basis of an expanded matrix that takes into account teaching, gen-
eral physics, and other sciences. Again data on an earlier period
should be examined. In 1960-62 and 1964-1966 subfield mobility was
essentially the same in all types of employing institutions; within
the eight major subfields, 15 percent from 1960 to 1962, and for
this same population of 4415 PhD's, 13 percent, from 1964 to 1966.
The recent increase in subfield mobility among nonacademic physi-
cists is asociated with the reordering of research priorities. In-
deed, the high mobility within the industrial group suggests a
veritable scrambling about for new directions together with the
shift in emphasis away from basic research. In the universities,
on the other hand, the erosion of research budgets has reduced the
number of new projects that can be undertaken.

At any point in his career a physicist carries with him varying
degrees of competence in a variety of subfields. This catalogue
of subfield competence represents the accumulated experience of

6 5
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TABLE 11.32 Subfield Mobility of Employer Static Established

PhD's by Age, 1968 to 1970

Cohort Age
in 1970

Internal Mobility
among Eight Subfields (%) Outgoing (%) Incoming (%)

27 31 19.2 9.9 3.0

32 36 19.2 8.8 3.9

37 41 20.8 9.5 4.3

42 46 21.8 10.4 4.6

47 51 25.3 14.5 5.7

52 bl 25.2 13.6 5.3

Total 20.7 10.7 4.6

(N = 10,013)

TABLE 11.33 Subfield Mobility of Established P.tD's, 1960---1962,

1964-1966

Cohort Based on 1960-1962 1964---1966

Year of PhD (10 x 10) Mobilea (10 x 10) Mobilea

1956--1960 1366 27.1% 40.5%

1950--1955 1596 25.5% 36.7%

1949 1453 27.2% 39.4%

TOTAL 4415

aBased on a 10 x 10 matrix that includes eight major subfield
groupings plus teaching and other sciences.

previous mobility as well as a developing sr-r of knowledge that

can nurture new directions of scientific ento.tly. An analysis of

research emphasis and scientific competence of a population pro-

vides a measure of the shared interests of that population at a

particular time. The distribution of subfield competence that
resulted from our analysis had essentially the same features as

that of subfield mobility.
The distribution of first competence for PhD's working in var-

ious subfields in 1970 is shown in Table 11.35. Again the general

dispersion of subfield proficiency is evident. The breadth of an

individual's competence can be further explored by looking at data

on second, third, and fourth competences. A typical pattern of

external compared to internal competences emerges, as Figure 11.5

shows. For about one fifth of the PhD's first competence was out-

side the subfield of employment. For lower levels of competence
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TABLE II.34 Subfield Mobility of Established PhD's by Type of
Employing Institution, 1968 to 1970

institution
Internal Mobility

x 8)2(%)
Total Mobblity
(16 x 16) (7.)

University 15 31
Industry 29 42
Government 22 35

Research centers 22 32

TOTAL 20 35

a
Based on eight major subfield groupings; see Table 11.29.

b
In the 16 x 16 matrix, optics, acoustics, astrophysics and rela-

tivity, earth and planetary physics, and astronomy are separated
and the other category is subdivided into general physics, teach-
ing, computer science, other science, and other.

the percentage was, of course, higher. The fraction of competence
outside subfield of employment provides a measure of the related-
ness of subfields comparable with that used in the analysis of
mobility, in which internally mobile group was compared with the
total in the subfield. The average external competence for the
physics population was 47 percent. Some subfields were character-
ized by a higher percentage of external competence than others.
Based on Table 11.35 and like tables for successive levels of com-
petence, a rank ordering of subfields was developed (see Table 11.36).
The sequence is much like that obtained for inward mobility (Table
11.29). Changes in first competence form a pattern like that of
subfield mobility, but the magnitude of intellectual diffusion at
the level of first competence is considerably greater than it is
at the level of actual scientific employment.

Thus, we can look at three demographic measures of the diffusion
of knowledge in physics: subfield mobility, external competence,
and first competence mobility. Taken together these measures form
a consistent pattern, as shown in Figure 11.6. The data in the
figure can be read from left to right as follows: In, for example,
plasma physics and physics of fluids, we see that inward subfield
mobility accounts for 32 percent of the 1970 population (see Table
11.29); concurrently, the first subfield of competence has changed
for about 45 percent of the subfield; finally, individuals working
in this subfield typically report about 56 percent of their com-
petence in other subfields (see Table 11.36). Although the numer-
ical scale of these measures depends on the way in which we define
a subfield, comparisons are possible within this set. Generally,
the greatest inertia, or the most stable intellectual relationship,
is associated with a physicist's particular subfield of research
emphasis. Surrounding this subfield of research interest is a

6 7
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TABLE 11.36 External Competence of PhD's by Subfield, 1970

Physics
Subfield External Competence (%)

Condensed-matter 27

Elementary-particle 40

Nuclear 43

Earth and planetary 51

Plasmas and fluids 56 -

Atomic, molecular, and 57

electron
Astrophysics and relativity 60

Acoustics 62

Optics 65

Physics in biology 70

Average 47

OPTICS

ASTROPHYSICS
RELATIVITY

PHYSICS in
BIOLOGY

and ELECTRON
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FIGURE 11.6 The comparison of inward mobility of employment sub-

field, subfield of first competence, and the degree of external

competence for physics. The scale is linear in the ratio of ex-

ternal to internal relatedness.

7 0



Manpower Data 1525

radius of competence in other subfields. Changes in the catalogue
of competence are both extensive and frequent compared with changes
in research activity. If the pattern of demographic diffusion
(Figure 11.6) is compared with the pattern of extrinsic versus in-
trinsic relationships among subfields developed on the basis of
scientific criteria (see Physics in Perspective, Volume 1, Chapter
5), a remarkable unity of scientific judgment and scientific be-
havior is evident.

11.1.3.3 Non-PhD Physicists

More than half (55'percent) the non-PhD physicists work in indus-
try and government in jobs related to applied research and develop-
ment. Thirty percent are engaged in teaching, with the majority
of these teachers employed by high schools and two-year colleges.
Non-PhD physicists are qualified for inclusion in the National
Register by a bachelor's degree or its equivalent and a minimum of
two years' professional experience in physics. Sixty percent of
the non-PhD group, has a master's degree, and 74 percent belong to
professional societies, usually one of those represented by the
AIP. Thus, the non-PhD's in the National Register population are
closely identified with physics through education, experience, and
membership in professional associations, and this identification
is made by the AIP on an individual basis. We :Than examine the
relationship of this population to physics-reial.ed employment and
consider its principal demographic characteristics.

11.1.3.3.1 The Physics Labor Force and the Non-PhD Physicist
Of a total of about 1.7 million scientists and engineers in the
United States, approximately one third is scientists and two thirds
are engineers. The Bureau of Labor Statistics (BLS) conducts an
ongoing series of employer surveys of this population. A strati-
fied sample of employers is drawn from a universe of 500,000
establishments employing 33 million workers. What a physicist is,
as distinct from a chemist, metallurgist, geoscientist, or other
physical scientist, is the decision of the responding employer,
who is instructed to count only those "who are actually engaged in
scientific work at a level which requires a knowledge of the phys-
ical sciences equivalent to that acquired through completion of a
four-year college course with a major in one of the physical sci-
ence fields, regardless of whether they hold a college degree."

The employment distribution by BLS occupational sector of the
physicists in the BLS survey appears in Table 11.37. Based on the
assumption that the PhD's in the Register physics population are
likely to be among those employed in physics, the second column
of Table 11.37 distributes the estimated total PhD physicists
according to BLS categories. The estimated employment of non-PhD
physicists, the third column in this table, results from the dif-
ference between BLS population and Register PhD physics population.*

*Since estimates of the PhD population are based on individual re-
sponses from 83 percent of the estimated physics PhD universe, the
uncertainties in this part of the calculation are regardeei as
negligible.

71
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TABLE 11.37 Estimated Total Physics Labor Force, 1970

BLS
Occupational
Sector

BLS Physicistsa PhD's
b

Estimated BA (or
equivalent)Non-PhD sc

Number Percent Number Percent Number Percent

University
Industry
Government

TOTAL

21,200
20,000
6,800

48,000

44

42
14

11,800
6,400
1,800

20,000

59
32

9

9,400 34

13,600 48

5,000 18

28,000

aThe 1970 total of 48,000 is apportioned by occupational sector
according to the distribution of the 1968 total of 46,000 (BLS data).

&rile distribution of the 20,000 estimated PhD's is based on the
16,600 PhD respondents to the 1970 National Register.

c Difference between BLS numbers and numbers of Register PhD's.

The distribution of non-PhD professional physicists in the 1970

National Register by BLS occupational sectors is shown in greater

detail in Table 11.38. Clearly, the Register population in a given

year represents about half of the universe of non-PhD physics em-

ployment, and the representation by sector is entirely consistent

with that universe. The professional non-PhD population represented

by the 19,700 Register respondents in 1970 is difficult to estimate

because of migration to and from this group. Some indication of its

size can be made by means of a calculation that yields a correct

answer when applied to PhD Register respondents. There were 3677

qualified respondents in 1968, having a median age of 34.5 years,

who did not respond again in 1970. If we assume an equal number

were not heard from in either 1968 or 1970, the nonrespondent com-

ponent of the Register-qualified population is about 7400, of whom

a few would be students, about 600 would be high school teachers,

and the remaining 6800 would be in the work force. The total num-

ber of Register qualified non-PhD's in the work force is, thus,

about 20,200, or 72.5 percent of the BLS total. We estimate, then,

that professionally qualified---on the basis of education, exper-

ience, and professional self-identification---non-PhD physicists

amount to about 72 percent of the BLS-employer estimated non-PhD

physics work foLce. Responses to the combined 1968 and 1970 Reg-

ister surveys amount to 83 percent of the qualified work force;

1970 respondents alone amount to 67 percent of those who are quali-

fied. In addition, the respondents include representative popula-

tions of high school teachers as well as advanced graduate students

and others who will be entering the work force.

The distribution of non-PhD physicists according to the type of

employing institution used in previous tables based on Register data

is shown in Table 11.39, with PhD's included for comparison. Not

surprisingly, non-PhD's are much less likely to hold faculty posi-

tions in universities than are PhD's; however, junior college

7 2
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TABLE 11.38 Labor Force Distribution of Non-PhD Respondents

to the 1970 National Register by BLS Occupational Categories

BLS Occupational Sector
Non-PhD's
Number Percent

University and Coilege 4,600 34

University:
Faculty 2,000
FTE student employeesa 1,300

Junior college 800
University operated federal
research centers

500

Industry 6,300 47

Industry 5,350
Industrially operated federal
research centers

400

Other 550

Government 2,500

Subtotal (BLS occupations) 13,400

Other Occupations 6,300

Students (not included above) 2,100
High school teachers 1,600
Military 600
Unknown employer 2 000

Total, 1970 National Register 19,700

gThe full-time equivalence (FTE) of 2600 university teaching and
researCh assistants on the 1970 Register is estimated at 50 per-
cent on the basis of NSF data. The NSF (Report NSF 70-16) gives
the FTE of 84,391 graduate students in part-time employment as
40,443.

teaching is done largely by non-PhD's. An extensive study of jun-
ior college teachers in 1967 (NSF 69-3) shows that about half of
those teaching physics did so full time. There were 496 full-
time physics junior college teachers then, and 5 percent of the
physics courses were.taught by PhD's. In the 1970 Register sample,
there were 845 physicists in junior colleges, 7 percent of whom
were PhD's. The growth implied is consistent with overall physical
science faculty growth in these institutions, but the NSF and Reg-
ister populations are not strictly comparable. It is evident,
however, that the rapid growth of two-year colleges has not entailed

7 3
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an accelerated recrvirment of PhD's dutiag the 1.367-1970 interval.
To an.even greater e::ceat, the teaching cf physics in high schools
is done by non-PhD's.

Ind6stry and th2 iederal.goverpment provide employment !:or 55
percent of the non-PhD's compared with 38.5 percent for PhD's.
Research centers employ only 6 percent of the non-PhD's compared
with 14 percent of nhe PhD's. These diffarences are consistent
qith the relatively greater emphasis on applied research and de-
velopment in the employment of non-FaD's.

TABLE TI.39 Employing Institutions of Non-PhD's and PhD's, 1970

Employer
Non-PhD's PhD's

Number Percent Number Percent

University (faculty)
Industry
Government
Research center
Other

Secondary school
Junior college
Kilitary
Other

SUBTOTALa

University (non-
faculty)

Unknown

TOTAL

1,990
5,346
2,545

877
3,588

14,346

3,319

2,026

19,705

1,628
791

650
533

13.9
37.2
17.8
6,1
24.3

16.1

8.2

5,723
3,805
1,468
1,912

840

31

54

113

642

13,748

2,500

383

16,631

41.6
27.7
10.8
13.9
6.1

0.6

5.5

Median age 32.9 37.4

aThe non-PhD sample represents an estimated 67 percent of the uni-
verse of Register qualified full-time professionals; the PhD sample
is approximately 85 percent of the PhD universe.

11.1.3.3.2 Educational Mobility of Non-PhD PhysLcists Some 60
percent of the non-PhD physicists hold a master's degree. Between
1968 and 1970, departmental surveys indicated that there were about
8000 graduate students in the third year of training or beyond.
This pool of qualified non-PhD physicists is one fifth the size of
the nonstudent professional work force, estimated at 20,000 non-
PhD's and 20,000 PhD's. Most of these students are employed, 60
percent of them part time and 19 percent full time, usually tn
universities. Graduate students thus represent the supply of po-
tential professional physicists aad their employment demonstratv9
a demand for non-PhD 'physicists, especially in universities.

The mobility of physicists in regard to student status between

1968 and 1970 is shown in Table 11.40. By 1970, 77 percent of the

7 4
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TABLE 11.40 Educational Mobility of Qualified Non-PhD Physicists
between 1968 and 1970

Status in 1970
Status Student Nonstudent
in 1968 Full Time ParL Time Non-PhD New PhD 1968 Total

Stud,2nt

Full time 899 73 1,055 1,624 3,651
Part time 81 226 1,277 226 1,807

Subtotal 1,279 2,332 1,847
(23%) (43%) (34%) 5,485a

Nonstud

Non-PhD 149 169 8,738 - 9,056

Subtotal 318 8,738 9,056
(4%) (96%)

1970 total 1,129 486 11,070 1,847 14,514

Median age 28.3 31.6 36.8 29.9

aln 1968 there were 7800 graduate students beyond the second year of
training.

'The Doctorate Records File counts 2874 new PhD's in academic years
1967-1968 and 1968-1969.

1968 advanced graduate students had entered the nonstudent work
force, 34 percent as new PhD's and 43 percent generally as terminal
non-PhD professionals; 23 percent continued their training. Re-
turn to graduate study was reported by 4 percent of the regularly
employed non-PhD population.

11.1.3.3.3 Subfield Distribution of Non-PhD's The subfield of
employment of nonstudent non-PhD's and advanced graduate students
appears in Table 11.41. To a large extent the subfield distribu-
tion of non-PhD employment is negatively correlated with the employ-
ment of young PhD's shown in Table 11.26 and Figure 11.4. However,

a positive correlation exists between the subfield employment of
non-PhD's and mature PhD's. The subfield interest profile of grad-
uate students corresponds to that of PhD university faculty, shown
in Table 11.24, and is negatively correlated with non-PhD employ-
ment. The most striking mismatches between graduate training and
non-PhD employment occur in optics, acoustics, and earth and plan-
etary physics. These three subfields, which employ a greater than
overage number of non-PhD's, are those least represented in the
zntio of student emphasis to non-PhD employment. Whether graduate
education is an adequate source of non-PhD physicists, the profile
of specialized training in graduate schools does not correspond to
the profile of specialties characteristic of the employment of
non-PhD's.
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TABLE 11.41 Subfield Distribution of Non-PhD Physicists---Students
and Nonstudents--1970

Physics
Subfield Students Nonstudents

Astrophysics and relativity 80 79

Elementary-particle 437 413

Nuclear 443 1,168

Atomic, molecular, and electron 286 576

Plasmas and fluids 195 503

Condensed-matter 1,005 2,573

Earth and planetary 157 567

Physics in biology 53 135

Optics 233 1,936

Acoustics 67 704

Astronomy 145 344

Miscellaneous
a

857 6,749

TOTAL 3,958 15,747

aOther physics, 27 percent;,teaching, 46 percent; other sciences,

27 percent.

As is true of PhD's, subfield mobility among non-PhD's provides
the means of adjusting manpower supply to the prevailing patterns
of use. Of 5759 non-PhD's in eight major subfields in 1968 and
1970, 73 percent remained in the same :;ubfield throughout the two-
year interval, a percentage equivalent to that for PhD's.

A measure of subfield mobility among relative/y established non-
PhD's can be derived by using the population who did not change
types of employing institution between 1968 and 1970; For this
group the mobility among major subfields was 23 percent, compared
with 20 percent for established PhD's. One difference between non-
PhD's and PhD's is that the simultaneous subfield mobility of em-
ployer mobile individuals is considerable enhanced--38 percent of
non-PhD's compared with 23 percent of PhD's changed type of employ-
ment, and 26 percent of non-PhD's compared with 20 percent of PhD's
changed subfield also. Non-PhD's apparently are somewhat more like-
ly to adjust subfield emphasis to suit new employment than are PhD's.
An important similarity between non-PhD's and PhD's is that sub-
field mobility shows a negligible dependence on age. In a two-year
period, changes in subfield among the eight m'ajor ones comprising
physics by approximately one fourth of the physics population seems
to be characteristic of professional physicists, regardless of age
or degree status.

Since industry and government are the major employers of non-
PhD's, we examined the subfield distribution of non-PhD's thus em-

pliayed. As shown in Figure 11.7, employment outside the discipline-
specific subfields amounts to approximately 30 percent for those in

both types of employing institutions. This miscellaneous category,
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FIGURE 11.7 Subfields of non-PhD physicists in industrial and
government employment.

for both industry and government, can be subdivided into general
physics (48 percent), computer science and mathematics (30 percent),
and other sciences (22 percent). Optics and condensed matter to-
gether provide about 50 percent and 30 percent of the non-PhD em-
ployment in industry and government, respectively. The percentages
For PhD's thus employed were 60 percent and 30 percent. Other than
:1,1sed matter and optics, industrial and government employment

uraiig about the same mix of acoustics; atomic, molecular, and
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electron physics; plasma physics and physics of fluids; and nuclear
physics, although the proportion engaged in these subfields is
slightly greater among government-employed non-PhD's. Earth and
planetary physics, particularly atmospheric physics, and astronomy
are the subfields of a greater number of non-PhD's in government

than in industry.

11.1.3.3.4 Work Activities of Non-PhD Physicists Like their PhD
counterparts, the major work activities of non-PhD professional
physicists are research and development. The difference is that
for PhD's research is the primary activity; for non-PhD's develop-
ment is primary. Figure 11.8 compares work activities of PhD's
and non-PhD's in industry. The same differences prevail in all
types of employing institutions, as Table 11.42 shows. Clearly,

the development work done by professional physicists is performed
largely by non-PhD's. In regard to primary work activity alone,
about 7 percent of the total professional work force is engaged in
development and 85 percent of these are non-PhD's. Because devel-

opment is a major activity of private industry, which is the prin-
cipal employer of non-PhD physicists, we examined the development
activities of physicists in industry in greater detail in Table

11.43. Development-related work activity constitutes 37 percent

of industrial employment. For about half of those involved in
development, it is a secondary activity, particularly for PhD's,
and it is more likely to be secondary to basic and applied research
for PhD's than for non-PhD's. If full-time involvement in primary
and secondary development activity is assumed to be equal, 78 per-
cent of the industrially employed physicists in development are
non-PhD's.

Consistent with their major role in development, non-PhD's repre-
sent a correspondingly large fraction of the physics population in
industry that is engaged in activities other than research and de-
velopment. About 9 percent of the physicists in industry are em-

_ployed in activities other than research and development; of these
84 percent are non-PhD's (see Table 11.44). Just as devel,r-
was frequently combined with research, other activities are com-
bined with research and development by another 24 percent of the
physicists in industry, 72 percent of whom are non-PhD's. It is
clear from Table 11.44 that management responsibilities are highly
correlated with non-research-and-development employment of physicists.

The use of qualified non-PhD physicists by industry has a certain
relevance to projected industrial PhD use. To the extent that re-
search and development level or decline is a fraction of the gross
national product, increased employment of PhD physicists in other
activities than these by industry is inevitable. The aggregate
experience of professionaly qualified non-PhD physicists provides
a model for the kinds of changes that are likely to take place in
PhD use patterns. The adjustments appear to be essentially con-
tinuous, starting with increased involvement in non-research-and-
development activities in conjunction with research and develop-
ment, and, if the changes follow pre-existent motivational patterns,
one can expect an increased emphasis on the management role of phy-
icists, already a substantialfeature of professional employment.
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The NSF predicts a substantial demand in the next decade for non-
academic, non-research-and-development PhD physicists, a demand
that is not reflected in current functional distributions or in the
trends in these distributions. The NSF estimates that 42 percent
of the nonacademic employment of new PhD's will be in activities
other than research and development. If this projection is based
on a demand rather than an absorption process, increasing numbers
of 2hD's could be expected to assume a status-consistent modifica-
tion of the traditional roles of non-PhD physicists. Thus non-PhD
professionals could be providing a certain de facto leadership for
the physics community and, possibly, leadership away from tradi-
tional physics.
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TABLE 11.43 Performance of Development In U.S. Industry by
Professional Physicists, Universe Total,a 1970

Priority of
Development Non-PhD PhD Total

Primary activity 1780 310 2,090
Secondary activity 1800 740 2,540
Basic and applied
research primary

47% 72%

Other activity
primary

53 28

Total in development 3580 78 1050 22 4,630 (37%)
Industry total 7980 63 4620 37 12,600

auniverse totals are estimated from Register respondents, assuming
an 83 percent response from PhD's and a 67 percent response from
non-PhD professionals.

TABLE II.44 Comparison of Research and Development, Non-Research
and Development, and Management Responsibilities of Non-PhD's and
PhD's in Industry, 1970

Responsibilities

Research and development
Research and development
Research and development
plus management

Research and development
combined with non-reseatch
and development
Combined
Combined plus management
Non-research and development
Non-research and develop-
ment

Non-research and develop-
ment plus management

Non-PhD (N = 5273)a PhD (JV = 3733)
b

61% 77%

71% 62%
29 38

27 19

57 54

43 46

12 4

51 45

49 55

a
Estimated universe = 7980.

h
Estimdted universe = 4620.
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11.1.4 SPECIAL IN-DEPTH STUDIES

in the foregoing discussion of physics manpower employment, and
mobility, attention has been directed primarily to physics as a
whole, although with some indication of variation by subfield. It
is also possible to use the Register data to provide in-depth
studies of different subfields. Two interdisciplinary subfields
have been selected as examplesastrophysics and relativity and
earth and planetary physics.

11.1.4.1 Manpower in Astrophysics and Relativity

The distinction between astronomer and physicist is especially
difficult to draw in astrophysics and relativity. However, we can
identify these scientists by the detailed specialties in which
they are engaged. The specialties that comprise astrophysics and
relativity appeared in Table VIII.1 of Volume II, Part B, of
Physica in Peirapective, reproduced here as Table 11.45.

TABLE 11.45 Core Manpower in Astrophysics and Relativity, 1970a

Specialty PhD's Non-PhD's

Gravitational fields, gravitons 26 8

Cosmology 16 8

Galaxies 45 17

Quasars, pulsars, and x-ray sources 84 40

Relativity, gravitation 77 35

248 108

Other
b

9 51

Total respondents 257(627) 159(38%)

Student respondents 80

aData in the table are based on the National Register of Scientific

Bnd Technical Personnel.
Respondents definitely in astrophysics and relativity, but for

whom some items of Register data are missing.

Some 250 PhD's indicated that their major scientific work was in

one of these specialties. For comparison, the specialties that
comprise our Register definition of astronomy appear in Appendix
B; 635 PhD's were identified with these specialties.

Characteristics of scientists in astrophysics and relativity
suggest multiple subfield relationships. Important in identifying

manpower at the interface of physics and astronomy is earth and

planetary physics, with 725 PhD's, the specialties of whom also
appear in Appendix B.

To count astronomers and physicists in this interrelated com-
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munity is an oversimplification; however, to compare these data
with those resulting from the questionnaire circulated to institu-
tions by the Astronomy Survey Committee, we shall undertake such
a count. Many PhD's working at this interface would, of course, be
counted by astronomers as astronomers and by physicists as physi-
cists. The use of Register specialties to define the population
obviates such double counting.

The Register also obtains the self-idel.tification of respon-
dents. The results of this self-identification appear in Table
11.46. The astronomers identified by institutions should include
both self-identified astronomers and astrophysicists, a total of
867 respondents, whom we estimate to be 85 percent of a total.
population of some 1030 self-identified PhP astronomers.

TABLE 11.46 PhD Self-Identification

PhD Self-Identification
Register Space Other Subfield
Subfield Astronomy Astrophysics Physics Physics Total

Astrophysics 55 72 9 121 257

and relativity
Earth and 15 61 :9': 458 724

planetary
Astronomy 286 209 50 99 644

Other physics 92 86 119 14,709 15,0'66

TOTAL 448 428 367 15,387 16,631

An institutional definition of an astronomer, however, is onn
who is working on what, in the management's view, is astronomy.
All thNose working in the Register specialties classified as astro-
physics and relativity and astronomy would surely be included in
such an enumeration, and some fraction of the earth and planetary
physicists would be counted as well. The latter fraction could be
estimated by establishing the way in which management would clas-
sify each of the relevant specialties in Appendix B. As Table
11.46 shows, about 20 percent of the earth and planetary physicists
identify themselves as astronomers or astrophysicists; that is to
say, about 150 of the 725 PhD's in earth and planetary physics
could be identified with the institutions of astronomy.

Table 11.47 summarizes the results and shows 1050 PhD respon-
dents whom we believe could be readily identified as astronomers
from the viewpoint of managers of institutions working in physics
and astronomy. If we assume an 85 percent rate of response, then
the population of permanent U.S. resident PhD 'astronomers in
such institutions would amount to 1240 as of January 1970. This
figure can be compared with the 1257 full-time, PhD-equivalent
astronomy personnel, including teachers, postdoctorzl fellows,

8 3
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locally paid staff v130_ing elsewhete, and visitors paid locally,

who were reported by managers to be employed in 171 astronomy
institutions in the 1.1:Uted States and'Galapagos Islands, which
were surveyed by the 4stronomy Survey Committee.

TABLE I1.47 Identification of PhD Physicists and Astronomers
with the Institutions of Physics and Astronomy

PhD's in Register Subfields Institu-

Earth S Astrophys. tional

Institution Phv "lanetary & Relativ. Astron. Totals

Physics related 11. '5

Both physics 50

and astronomy
related

Astronomy
related

250

650

15,975

1,050

FIGURE 11.9 depicts the interrelationship of physics and astron-
omy in these two subfields--astrophysics and relativity and earth

and planetary physics.

FIGURE 11.9 The interpenetration of physics and astronomy.
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The curacteristics of manpower in astrophysics and relativity

are depicted in Tables Employment is concentrated in

universities and the university-based PhD's are principally engaged

in research. The distribution by academic rank is characteristic

of a research-oriente .! group with a large number of young univer-

sity-based researchers. Emphasis on theory is greater than in

either physics or astronomy. Consfstent with this emphasis, the

production of jourrl articles is high; in 1968 the subfield ac-

counted for 0.9 percent of the physics community but produced 1.6

percent of the articles in a sample from Physics Abstracts (see

Chapter IV).

TABLE 11.48 Distribution by Employing Institution of Physicists,
Astronomers, and Those in Astrophysics and Relativity

Subfield of
Discipline University

Research

Industry Government Center Other

Astrophysics
and relativ-

. ity
Astronomy
Physics

73%

63%
50%

7% 9%

7% 18%

24% 9%

9%

11%
12%

4%

5%

5%

TABLE 11.49
Group

Distribution u Work Activities of University-Based

Primary Work
Activity

Astrophysics
Relativity

&

Astronomy Physics

Basic research 66.3% 60.4%

Teaching 29.37 28.8%

Other 4.4% 10.8%

37.2%
49.7%
13.1%

TABLE 11.50 Distribution by Academic Rank

Astrophys. &
Relativ. Astronomy Physics

Rank Number Percent Number Percent Number Percent

Full profes- 24 102 28 2421 29

SOT
Associate 31 17 49 13 1697 21

Assistant 46 25 104 28 2101 26

Faculty total 120 66 255 69 6219 76

Other univ. 61 34 116 31

employment

1989 24

Total PhD's 181 371 8208
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TABLE 11.51 Distribution of Theoreticians and Experimentalists

Nature of
Work

Astrophysics and
Relativity(%) Astronomy(%) Physics(%)

Theoretical 51 28 25

Experimental 30 40 50

Both 19 32 25

TABLE 11.52 Distribution by Degree Level

r-ubfield or Nonstudent Non-PhD's

Discipline PhD's Non-PhD's per PhD

Astrophysics 5 reia- 250 79 0.3

tivity

Astronomy 650 344 0.5

Physics 15,600 15,700 1.0

TABLE II. Median Age of PhD's in 1970

Sample Astrophys. & Relativ. Astronomy Physics

Theoreticians 33.9 33.8 35.0

Total 34.6 35.0 37.4

TABLE 11.54 Median Age of PhD's in 1970 by Academic Rank

Rank Astrophysics & Relativity P:Isica/Astronomy

Full professor 46.0 46.8

Associate 36.7 37.4

Assistant 31.9 32.4

The subfield is cmnposed of a comparatively young group, with a
median age of 34.6. It affords relatively little opportunity for
qualified non-PhD's.

The data show that scientists in astrophysics and relativity
are somewhat more like asEronomers than physicists i resul.t that

could largely be expected from the institutional c.:aracteristicz
of a nonapplied discipline. To describe the interl lationshir ,f
physics, astrophysics and relativity, and astronomy, apart from
the overriding institutional correlates, we can Look at 6.-a on
field of PhD, subfields of additional scientific competenr and
subfield migration, Tables 11.55--II.58. Astro-..nyol,l; ald relativ-
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ity is populated largely by physics PhD's. The data on specialties
of first and second competence other than specialty of employment
show that for those in astrophysics and relativity specialties of
first competence usually fall also within this subfield (82 per-
cent so indicating). Astrophysics and relativity clearly is not a
secondary pursuit; the secondary competences, physics and astron-
omy, are the intellectual and practical foundation for the cre-
ative thrust of this subfield.

TABU, 11.55 Field in Which PhD Was Obtained

Field of PhD

Field of Current Research
Astronomy Physics as
as a Whole(%) a Whole(%)

Astrophysics
and Relativity(%)

Physics
Astronomy
Other

36 80

57 5

7 15

70

25

5

TABLE 11.56 Additional Subfield Competence of PhD's in Astro-
physics and Relativity, Astronomy, and Physics

Subfield of Subfield of Employment
Additional Astrophys. & Relativity Astronomy Physics
Competence Number Percent Number Percent Number

First level
Astrophys. &
relativity

200 82 15 2 44

Astronomy 15 6 458 75 124

Physics 28 12 141 23

Total first 243 614 15,000
Second level

Astrophys. &
relativity

85 35 57 10 82

Astronomy 42 17 279 46 158

Physics 117 48 261 44

Total second 244 597 15,000

TABLE 11.57 Numbers of PhD's in Ast,':,-`,7s1cs and Relativity,
Astronomy, and Earth and Planetary P. ,s, 196-1970

Astrophys. and Earth Total
Year Relativity Astronomy Planetary Physics/Astronomy

1964 65 397 311 10,400
1966 - - - 11,800
1968 125 711 572 14,300
970 250 644 724 16,600
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TABLE 11.58 Mobility into Astrophysics and Relativity and Earth
and Planetary Physics

1968 Sources
1970 PhD's
Astrophys. and Relativity Earth and Planetary

Same subfield 82 323

Physics 37 203

Astronomy 75 55

Longitudinal sample 195 581

1970 Register total 250 725

Growth in this subfield displays the explosive character
typical of rn exciting new research area of physics. Growth in
both astrophysics and relativity and earth and planetary physics
shows that substantial manpower is shifting into these subfields
from traditional astronomy subfields. The patterns of growth also
illustrate the close interrelationship of these subfields to
physics and astronomy.

Figure 11.10 depicts the components of growth in astrophysics
and relativity. The largest input, 75 PhD's with a median age of
33.7 years in 1970, came from astronomy; only seven PhD's went
from astrophysics and relativity to astronomy. Of tho-e who entered
from astronomy, 25 percent were under 31 years of age, and 25 per-

,-o 20
E' z

; F
= - <

r;
u. u.

=

. 0 .

A and R ( x10 in wen )
250 Ph CYs

FIGUKEII.10 Growth and interchange, 1968--1970. Numbers are

1910 Register populations.
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cent, over 38 ycars of age; therefore, this subfield can hardly be
said to attract only young astronomers. The interchange with
physics was more nearly reciprocal. Thirty-seven came into the
subfield from physics in 1970, and 21 left it to move into physics.
Six came from nuclear physics, 11 from elementary-particle physics,
6 from earth and planetary physics, and 14 from other subfields.
Of those who Left, one went into nuclear physics, 9 into elemen-
tary-particle physics, 8 itP., earth and planetary physics, and
3 to other subflelds.

11.1.4.2 Manpower in Earth and PZanetary Physics

The study of the physical environment, the earth and its surround-
ings, clearly is a multidisciplinary activity that includes not
just physicists but atmospheric, geological, and oceanographic
scientists. About as many scieatists are identified with earth
and space science fields as with physics, perhaps 40,000 in each.
An identifiable group of about 2000 physicists, those in earth
and planetary physics, are working in earth and space sciences.
If we look only at research effort, it appears that the earth
and planetary physicists account for as much as 20 percent of the
effort in earth and space studies.

The characteristics of.earth and space scientists are drawn
largely from National Register data; however, other data are
available from BLS, NASA, and the Civil Service. We have used the
Register data in our analyses, first, to depict the overall dimen-
sions and characteristics of atmospheric, geological, trid oceano-

graphic populations and research effort and, second, to describe
in detail the special characteristics of the earth and planetary
physics population. Supplementary data, based largely on employer
surveys, lack definitional consistency and are piecemeal, but they
augment the manpower from the Register, giving in some cases
quite different totals.

There are some 33,000 earth and space scientists and some
40,000 physicists. More than 1600 physicists work in earth and
space sciences, but only a few earth and space scientists work
in physics.*

Table 11.59 shows the number' of scientists working in earth
and space sciences and physics. A scientist is classified as work-
ing in a field on the basis of his statement of a detailed special-
ty that most nearly corresponds to his principal work activity.
The assignment of specialties provides a working definition of
discipline and subfield.

Deciding what kind of scientist a respondent is is by no
means as simple as deciding what science one is working in. If
a Register form is returned to the AIP but the respondent seems
more like a geo,:ientist than a physicist, his form is sent to
the American Geological Institute (AGI) for review and inclusion

These figures are based on an estimated 85 percent response to the
Register, which is conservative for PhD's and somewhat arbitrary
for non-PhD's. For non-PhD's, definitions of professional standards,
job classifications, and fields become rather fuzzy.
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with their respondents if qualified. In Table 11.59, the second
column gives the processing society of most respondents in each
category, thus the major professional identification of people
working in earth and space sciences.

The data in Table 11.59 are also depicted in Figure 11.11, in
a so-called "Fuji" representation.

In our earlier discussions of other populations, the overall
size has been estimated on the basis of all scientists regardless
of their specific work activity. However, in this section we
shall look principally at the research function to get a clearer
indication of the relative role of the physicist compared Ilth
earth and space scientists in the performance of research.

Before we examine the Register population in detail, we will
look briefly at a special group. Scientists working in "physics
of the earth in space" were convened by the National Academy of
Sciences for study programs in the summers of 1968 and 1969. Fifty-
WO scientists participated, with continuity provided by 12 who
participated in both summer sessions. We assumed that this group
constituted an elite -epresentation of scientific personnel in
earth and space sciences. Table 11.60 presents a tabulation of
their scientific backgrounds and professional identifications.

TABLE 11.60 Field and Degree Background of a Select Group of
Earth and Space Scientists

Fields

Field of Science
with which Identified Field of Degree
Number Percent Number Percent

Physics 17 38 21 58
Space physics 5 11 -

Astrophysics/
astronomy

8 18 4 11

Geophysics 7 16 4 11
Radio physics 4 . 2

Electrical en-
gineering

3 4 11

Aeronomy 1 -

Physical chemistry 1 1

TOTAL 46 36

Data on 41 of the 52 were found in American Men of Science
(11th edition). We looked particularly at major fields of profes-
sional identification (such as physicist or geophysicist), field
of PhD, and society membership. The results suggest predominance
of physics, with expertise in astronomy also a major constituent.

Society membership sometimes is regarded as a useful indica-
tion of subject emphasis; for this group it should be reasonably
indicative because these are mature scientists whose economic
status probably would override financial barriers to multiple

9 1
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FIGURE 11.11 Scientific manpower in earth and space sciences,
physics, and earth and planetary physics.

memberships. Further, being acknowledged as successful in re-

search, they would nut be expected to join a society for reasons

of status. Table 11.61 presents data on souiety membership of this

group. The distribution implies a
sustained involvement with the

physi, :=munity. Because of the small percentage reporting de-

gree hac,round in geosciences, membership in the American Geo-

physic..11 Union, indicated by 56 percent, apparently reflects ac-

quired identification with this community. A clear v:end toward

a connection with astronomy also is indicated, alti ugh it is

difficult to say whether this association is traditional or ac-

quired, for astronomy typically has relied on a substantial in-

flux of PhD's from physics.
These simple data on th- elite group suggest that-research

at the so-called frontiers uf the earth and space sciences is

done by people with a strong background in physics, who generally

maintain connections with the physics and astronomy communities

and have acquired a relationship to the geophysics community.

Indeed, professional mobility is a prominent characteristic of

the group.
We must examine properties other than size of various popula-

tions to get a quantitative idea of the relative role of physi-

cists in earth and space sciences. The PhD concentration of a sub-

field or discipline is significant, because we find that publica-

tion patterns are strongly correlated with PhD distributions. The

degree concentration, distributed according to professional identi-

fication appears in Table 11.59, as well as concentration among

work arv.As. Physicists clearly are concentrated in areas charac-

terized by a high concentration of PhD's. Apparently physicists

tend to be more strongly involved in advance& subject areas in

which PhD training is important rather than in operations in

which the generalist training of a physicist is usually considered

a special cachet.

9 '1,
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TABLE 11.61 Society Membership of a Select Group of Earth and

Space Scientists

Society

Membership Indicated Membership
Distribution(%)Number Percent

American Physical Society 1.5 37 21.

American Geophysical Union 23 56 32

American Astronomical 15 37 21

Society
Institute of Electrical and 12 29 17

Electronics Engineers
American Meteorological 5

Society
American Chemical Society 1

Total memberships 71

Total on which this infor-
mation was obtained

41

Other comparisons to show the place of physicists in this

interdisciplinary iceberg require the comparison of earth and

planetary physicists and earth and space scientists. Nonoverlap-

ping groups can be defined with reference to Table 11.59. Earth

and planetary physicists represent the physics (A1P) population.

Earth and space scientists represent the earth and marine sciences

(AGI) and atmospheric and space (American Meteorological Society)

populations. We shall compare 26,000 earth and space scientists

in 1968 (most recent American Science Manpower data) with 700

earth and planetary physicists in 1970, for we want to present the

most recent picture of physicists against the more slowly chang-

ing background of earth and space sciences. When Possible, PhD's

and non-PhD's will be compared separately. Special characteris-

tics of earth and planetary physicists will be discussed in de-

tail in a later part of this section.
.The distribution of earth and planetary physicists, compared

with all physicists, among employing institutions appears in

Table II.62. Clearly, research centers employ many 9f these

earth and planetary physicists. Although American Science Man-

power does not show research center as a separate category, com-

parison without data can be achieved by allocating research centtx
PhD employees to universities (69 percent), industry (22 percent),
and other employing institutions (9 percent). Table 11.63 presents
this comparison and shows that the nonuniversity employment pat-
tern of earth and planetary physicists is more like that of earth

and space scientists than of physicists. Nearly as many earth and
planetary PhD's work for government as for industry, which resem-
bles the employment pattern of earth and space scientists and
differs from that of physicists among whom there is a three-to-one
industry/government ratio of use.
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TABLE 11.62 Employment Patterns of Earth and Planetary Physics

PhD's and Non-PhD's Compared with Those for the Total Physics

Populationa

Employing Earth and Plan- All Physics Earth and Plane- All Physics

Institu- tary PhD's PhD's tary Non-PhD's Non-PhD's

Lions N=,712(%) N=16,631(%) N=673(%) N=19,705(%)

College and
university

38 51 33 28

Industry 23 23 20 33

Covernment 22 9 31 15

Research 13 12 4 6

Other
center

4 5 12 18

,zData are from the 1970 NSF National Register of Scientific and

Technical Personnel

TABLE II.63 Employment of PhD's in Earth and Space Sciences

Field

Employer
Academic Industry Government Other

No. % No. % No. % No. %

Earth and plane-
tary physics

338a 475a 184a 26.0a 154a 21.6a 362 50a

Earth and space
sciences

3198 55.9 919 17.0 922 16.6 234 4.5

Earth and
marine

2906 61.0'865 18.1 796 16.7. 197 4.1

Atmospheric
and space

292 57.5 44 8.7 126 24.8 47 9.3

Physics - 59.0 - 26.0 - 9.0 - 5.0

Geology 1229 46.4 572 18.4 448 21.7 148 7.6

Geophysics 187 43.7 161 37.1 51 11.9 29 6.8

Oceanography 123 62.5 16 8.1 45 23.0 13 6.6

a
Estimated

bThese groups are derived from numbers working in these fields

(see Table 11.59) and are commensurate with the other groups in

this Table (11.63). The numbers are listed only for comparison of

distributions.

Earth and planetary physicists are less often employed in uni-

versities than are physicists in general. In Table 11.64, earth

and planetary physics faculty is tabulated separately from uni-

versity employees; comparisons are presented for physicists in

general, nuclear physicists, astronomers, and AGI and American

Meteorological Society populations. Faculty is defined as academic

employees who specify academic rank of lecturer or above. Of 272

earth and planetary physicists in universities, 173 acknowledged

9 4
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TABLE 1I.64 Faculty Members in Earth and Planetary Physics,
sics, and Earth and Space Sciencesa

Field of Total
Degree Fnculty

Professor
or Dean

Associate
Professor

Assistant
Professor

Instructor
or Lecturer

Physics 7427 2625 2047 2753 702

Earth and
planetary
physics
PhD l73 66 46 55 6

Total 206 69 51 68 18

Nuclear phys-
ics

798 264 229 246 59

Astronomy 289

Earth and space
sciences

3868 1141 939 1213 575

Earth and
marLne

3580 1042 865 1135 538

Atmospheric
and space

288 99 74 78 37

PhD 2632 1048 768 774 42

aGrouped according to research specialty rather than academic de-
partment. Data on physicists are based on the physics section of
the 1970 National Register; those on earth and space sciences on
American Science Manpower 19s.

faculty appointments; an additional 36 of 221 non-PhD's also
claim such appointments. Table 11.65 summarizes data on faculty
roles of PhD's employed in uriversities presented in Tables 11.63
and 11.64. Clearly, earth and planetary physicists are not heavily
engaged in teaching; they are not only less likely than either
physicists or earth and space scientists to be employed in univer-
sities, but those who are thus employed are less likely to fill
faculty positions. If earth and planetary physics is to assume a
more prominent place in the physics curriculum, substantial
mobility will be required. There are about 175 self-acknowledged
earth and planetary physics PhD faculty members, not all of whom
are in the 2000 U.S. physics departments. Increased emplisis on
faculty responsibilities could lead to an influx of earth and
planetary physicists from the immediate academic surroundings. n
pool that amounts to some 150 additional PhD's. A second source

is academic physicists who are competent in earth and plane-ary

9 5
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TABLE 11.65 Comparison of Rotes in Academic InstItutionsa of

PhD's in Earth and Planetary Physics, Physics, and Earth and Space

Sciences

Field

Faculty Other

Number Percent Number Percent

Earth and planetary
physics (1970)
N 338

Physics (1970)
N . 9700

Earth and space sciences

113 51

6430 62

2632 82

165

3270

566

49

38

18

(1968) N = 3198

a Includes research centers operated by universities.

ohics but who are not currently working in this subfield. Their

vumber amounts to another 50 to 60 PhD's currently in college or

.sliversity employment. Taken together these two sources do not

nresent a large pooL, ccnpared with, for example, nuclear physics.

, Lear that expansion of earth and planetary physics in the
curriculal would be manpower limited. A third kind of

fity, intellectual mobility of subfield switching, would be

ded. A favorable outcome is possible from this third source,
intellectual mobility is a major characteristic'of the physics

pwlslation.
T-hle 11.66 shows the production of students in 1968 in the

fields with %thich we are concerned. Although the total production

is about the same for physicists and earth and space scientists,

,he concentration of PhD's is twice as high in physics. As Table

11.67 shows, patterns of degree production differ from those of

use. Only a fraction of nonPhD's enter scientijic work in any

case, but the pattern is quite different for physicists and earth

and space scientists.
Table 11.68 summarizes the primary work activities of earth

and space scientists and earth and planetary physicists. The dif
ferences in work patterns are striking. A high proportion of PhD's
and nonPhD's in earth and planetary physics are engaged in re .

search (67 percent and 64 percent, respectively). The comparable
figures for research for all physics are 55 percent for PhD's and
47 percent for nonPhDls. In the earth and space sciences, the

9 6
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TABLE 11.66 Degree Production, 1968':

PhD as Percent-
Field BS MS PhD Degrees/Faculty

age of Total(Z)

16 1.3

8 1.2
Physics 5500 2000 1400

Earth and space 2900 1100 438

sciences

Earth sciences 341

Oceanography 49

Meteorology 48

a ources of data presented in this table are the American Insti-

tute of Physics, American Geological Institute, and NRC Doctorate

Records File.

TABLE 11..67 Production and Use of Physics PhD's in Physics and

Earth and 5pac.e Sciences

Field PhD Production(%) PhD Use in Field(%)

Ph;sics 16

Earth and space sciences 8

44

18.5

figures are 32 percent (PhD) and 18 percent (non-PhD). This find-

ing reinforces the conclusion, derived from almost all types of

data on these fields, that patterns of activity and employment in

earth and planetary physics differ from those for both the earth

and space sciences as a whole and physics. The especially high

research commitment among non-PhD earth and planetary physicists

suggest that they function much more in the way that PhD's do than

is the case in other fields.
Table 1.1.69 shows numbers and percentages of PhD's and non-PhD's

engaged in research in various employment settings. The emphasis

on research that characterizes the earth and planetary physicist

clearly is not a function of type of employing institution, and

the estimated allocation of 20 percent of the total research ef-

fort in earth and space cciences to ea:th and planetary physicists

probably is conservative. Even non-PhD.s in earth and planetary

physics amount to 12 percent of the research-oriented non-PhD

total.

9 7
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TABLE 11.68 Primary Work Activities of Earth and Space Scientistsa

'york Actfv1tles(7)

Degree and Field Research' Teaching,
R & D
Management

15

Other

5
PhD's

Earth and planetary
I = 707)

67 13

Anr crientists 3(3 42 9 19

C.' = 4689)

AmS scientists 50 23 16 10

(..I = 493)

Non-7hD's
Earth and planetary 64 7 11 18

(N 657)

AGI scientists 17 18 6 59

(V = 21,146)

AMS scientists 20 5 7 67

(II .-- 5413)

aData for the American Geological Institute and the American
Meteorological Society respondents are based on American Science
Manpower 1P68; those on earth and planetary physics are based on
the 1970 National Register survey.
bResearch includes basic and applied as well as the design and
development category, which has a negligible effect in these
groups.
c
The other" category includes exploration and forecasting, which

are major activities of many scientists in the geological and

meteorological groups.

In the academic community in which the teaching-research func-
tion is especially important, the commitment of earth and plane-
tary physicists to research again is striking. Tables II.7Ca
II.70d compare primary and secondary work activity of university-
based scientists. One fourth of tne earth and planetary physicists

indicated research as both first and second major activity. Another

one fourth reported research as primary and teaching secondary,

and 14.6 percent combined research with some other secondary

activity, the other category including such activities as adminis-

tration and management. In all, 64.6 percent indicated research

as the primary work activity. Although 14.4 percent of the earth

and planetary physicists are primariiy engaged in work that is

neither research nor teaching, approximately five in seven of them

report a secondary commitment to research.

9 8
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TABLE 11.69 Distribution by Employer of Those Engaged in Research

Degree and Field Total
Academic Industry Government Other
No. % No. No. % No. %

PhD's 2135 859 4n 441) 2n A99 11 117 A

Earth and plane- 474 206 23 129 29 116 18 23 17
tary physics (22%)

Earth and space 1661 653 76 311 71 533 82 114 83
sciences (78%)
AGI scientists 1415 513 292 517 93
AMS scientists 246 140 19 66 21

Non-PhD's 3550 1123 728 1422 284
Earth and plane- 420 173 15 82 11 138 10 27 10
tary physics (12%)

Earth and space 3137 950 85 646 89 1284 90 257 90
sciences (88%)

AGI scientists 2310 683 541 970 116
AMS scientists 827 267 105 315 141

TABLE II.70a Primary and Secondary Work Activity of University-
Employed Earth and Planetary Physicistsa

Primary Work Secondary Work Activity(%)
Activity Research Teaching Other Primary Totals(%)

Research and 26.4
development.

Teaching 16.6
Other 5.7

23.6 14.6 64.4

3.3 1.1 21.0
8.7 14.4

ALL degrees included, N = 493 (1970 National Register).

The data in Table 11.70 must be regarded as semiquantitative.
Figures 11.12 and 11.13, which compare earth and planetary physi-
cists with earth and space scientists, depict the ditferences in

these data for the two groups.

We shall now examine the data on earth and planetary physicists
in greater detail-self-identification, degree background, work ac-
tivities and competence, and changes in these characteristics with
time.

9 9
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TABLE II.70b Primary and Secondary Work Activity of UnIversity-

Employed Physicistsa

Primary Work Secondary Work Activity(%)

Activity Research Teaching Other Primary Totals(%)

Research and 16.9

development
b

Teaching 29.4

Other 2.1

23.7

7.3
2.9

6.5 47.1

1.3 44.0

3.8 8.8

a.All degrees included, N = 13,532 (1970 National Register).

DDevelopmunt and design = 0.6 percent of primary research and de-

velopment activity.

TABLE II.70c Primary and Secondary Work Activity of University

Employed American Geological Institute Scientistsa

Primary Work Secondary Work Activity(%)

,- Activity Research Teaching Other Primary Totals(%)

Research and 6.9 11.1 3.6 21.6

developmentb
Teaching 39.0 12.6 13.4 65.0

Other 3.2 10.0 13.4

a10.1 degrees included, N = 5479 (Ar/7 erican Science Manpower 1968).

'Development is generally negligible.

TABLE II.70d Primary and Secondary Work Activity of University-

Employed American Meteorological Society Scientistsc

Primary Work Secondary Work Activity(%)
Activity Research Teaching Other Primary Totals(%)

Research and
b

22.2 20.2 13.5 55e7

development
Teaching 18.7 2.1 6.6 27.4

Other 6.5 13.3 16.9

a.All degrees included, N = 782 (American Science Manpower 1966).
o Development is generally negligible.
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TEACHING

MANAGEMENT and
OTHER

FIGURE 11.12 Work activities of universistyemployed earth and
planetary physicists.

11515HP

TEACWNG

MANAGEMENT and
OTHER

FIGUREII.13 Work activities of unlVrsityemployed geoscientists
and meteorologists.
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The composition of earth and planetary phyt4ies, based on self-

identification of its manpower, appears n Table 11.71. We empha-

size that the group is constructed from people generally identi-

fiable as physicists who are working in earth and planetary physics;

the distribution of self-identification that is found by reading

across the top row of Table 11.71 is a description of thOse people

rather than a means of identifying them. The nature of professional

self-identification becomes clearer as one reads down the columns

of the table, noting that, for example, 51.5 percent of the ALP

space physicists are working In earLh and planetary physics, 13.7

percent In astronomy, 8.4 percent in plasmas and fluids, and 2b.4

percent in various other subfields. There are, of course, self-

identified physicists in the AGI and American Meteorological

Society portions of the Register who are not counted in the verti-

cal totals of this table.
Table 11.72 shows the degree background of earth and planetary

physicists. Engineering and astronomy account for most of the

nonphysI,:s PhD's.
The detailed list of work specialties on the Register that we

have defined as earth and planetary physics appears in Appendix B,

with the numbers of PhD's and non-PhD's engaged in each. No one

specialty is preeminent, so that in discussing this subfield the

-characteristics of earth and planetary physicists arc -.t domi-

nated by some highly specialized particular research-lutarest

group.

TABLE 11.71 Professional Self-Identification of Earth and Plane-

tary Physics PhD's

Subfield of
Employment

Self-Identification

Space
Physi-
clst

Armos-
pheric
Physi-
cist

Geo-
physi-
cist

Astro-
physi-
cist

Physi-
cist Other

Earth and
planetary

26.1% 16..4% 7.3% 8.4% 30.7% 11.1%

51.5% 70.8% 55.2% 14.3% 2.0%

Astronomy 13.7% - - 48.7% 0.5%

Astrophysics ._ - - 14.3% 1.0%

Plasmas and
fluids

8.4% 6.0% 10.4% - 6.4%

Other sub-
fields

26.4% 23.2% 34.4% 20.2% 90.5%

Total N's 367 168 96 428 10,969 2824
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The relations between subf1e1ds can be explored with Register

data in two ways, first, by asking those working in a subfield

at a cvildin time t..; list Qpocific research areas in which they

have varying degrees of scientific competence, and second, by

examining longitudinal data for evidence of subfield mobility

in both subfield of employment and that of first competence.

Table 11.73 presents, for earth and planetary physics PhD's,

the distribution of competence among other subfields. Astronomy

is a prominent type of competence, but some additional analysis

is required to see the pattern of subfield competence characteris-

tic of earth and planetary physicists. This analysis requires the ;

weighting of the citation frequency against the relative sizes of

the cited subfields. The appropriate value of subfield relation-

ship is obtained from the overall frequency of secondary compe-

tence weighted by the ratio of the populations of the subfield

under consideration divided by that of the subfield of relation-

ship. An alternative approach is that the relation rate is pro-

portional to th-.! intrinsic relation probability scaled by the cor-

responding density of available relationships; in other words, the

rate depends on the transition probability times the density of

states. The extreme right-hand nolumn of Table 11.73 gives the

results, weighted and averaged.

TABLE 11.73 Additional Competence of Earth and Planetary Physi-

cists, 1970: Subfield Citation Frequencies by Level of Competence

Physics
Subfield

Subfield 1,evel of Competence(%) Weighted

PhD Popu-Cre3t-
Average Ci-

lation est Second Third Fourth tation(%)

Earth and plaae-
tary

710 66.0 51.6 39.5 37.9 49.0

Astronomy 630 6.7 7.8 11.6 10.6 11.3

Nuclear 1780 5.0 4.6 5.7 5.9 2.1

Elementary-par-
ticle

1410 2.2 2.5 3.7 2.9 1.4

Condensed-mat-
ter

4160 3.8 6.4 6.7 6.4 1.0

Atomic, molecular,
and electron

1070 3.3 4.3 5.4 6.7 3.3

Plasmas and 1100 3.3 4.7 7.1 6.4 3.4

Lluids
Optics 1080 5.0 7.4 5.0 5.5 3.4

Miscellaneous 3460 5.9 10.1 13.5 14.5 2.3

No response (as
percentage of

2.0 3.8 7.9 16.9

710)
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The pattern of intellectual relationship that emerges CV'm the

analysis of the earth and planetary groups is not surprising; what
is remarkable is that it is a quantified pattern. Averaging the

secondary competences and weighting gy the overall distribution of
physics activity, we find that earth and planetary physiciots re-
late 57 percenr to oLi,cr e9rth and planetary specialties, 15 per-

. and 13 percent to the combined sub-cent to astronomy specialties
fields atomic, molecular, and electron physics; optics: and plas-

mo :. and fluids. Fifteen percent relate to other specialties.
A ranking of subfields can be constructed on the basis of

degree of competence within and outside subfields. Table 11.74

presents the results. The major feature of the table is that
elementary-particle, nuclear, and condensed-matter physics are
distinctly self-contained; plasmas and fluids; earth and planetary
physics; and atomic, molecular, and electron physics overlap other
subfields to an intermediate degree; optics and acoustics are
strongly outward oriented. The evidence for real.or latent subfield

mobility is for the most part stronger for non-PhD's than for
PhD's, a situation that would suggest lower inertia for the non-
PhD resulting from a lesser commitment ,af expertise and project

responsibility.

TABLE 11.74 Competence Overlap

Physics
Subfield

Competence
Competence

in Other Subfields/Additional
in Subfield of Employment

PhD's Non-PhD's

Condensed-matter
Elementary-particle
Nuclear
Earth and planetary
Plasmas and fluids
Atomic, molecular,

and electron

0.38
0.66
0.77
1.05
1.28
1.30

0.61
0.93
1.07
1.24
1.61
1.90

Astrophysics and
relativity

1.47 1.60

Acoustics 1.61 1.21

Optics 1.80 0.97

Physics in biology 2.33 3.08

Weighted average 0.90 0.88

So far in this Chapter we have dealt with horizontal distribu-
tions of characteristics in 1970. We now look at patterns of
change between 1968 and 1970.

In the past two years (1968-1970)the number of PhD's working in
earth and planetary physics grew from 567 to 712, a 25 percent in-
crease in subfield population. Non-PhD's increased by 12 percent

from 599 to 673. In 1964 there were 309 PhD's in this subfield. A

1 0
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TABLE LL.75 Age Distributions of PhW's in Earth and Planetary
Physics

Age of Cohort
in 1970 No. In 1968 No. in 1970 Cohort Change

<27 2 5 3

27-31 57 157 100
32-36 141 169 28

37-41 128 140 12

, 42-46 80 94 14

47-51 73 71 -2

52-61 64 66 2

>61 22 10 -12

TOTAL 567 712 145

look at the age distribuLions and net changes is provided by
Table 11.75.

Seventy-one percent of the net growth resulted from new PhD's.
The 1970 median age of the new entrants was less than 31; the
median age of the subfield as a whole was 37.8 years in 1968 and
37.4 in 1970.

When we look at subfield changes between 1968 and 1970 we
find a new characteristic-a large turnover of manpower has oc-
curred. Only 55.6 percent of those working in earth and plane-
tary physics in 1970 were working in it in 1968; 33.6 percent
of the 1968 population apparently left the subfield. This trend
is typical of other subfields, as Table 11.76 shows. The first
column shows the input of 1968 people to the subfield in 1970.
Another input comes from persons who responded to the Register
in 1970 but not in 1968; about 2600 of the 16,600 1970 PhD's
in the physics section of the Register did not respond in 1968.
Most of these people were in the less than 30-year-old cohort.
However, we have 1968 data on 82 percent of the 1970 respondents,
thus the mobility pattern in Table 11.76 is representative.

In addition to the magnitude and direction of the interchange
of scientists between earth and planetary physics and other sub-
fields, the median age of each mobile element also appears in
Table 11.76. The age distribution of those who left is for the
most part the same as for those who remained. The pattern of sub-
field relationships implied by actual changes in subfield work
is remarkably similar to that found in the investigation of sub-
field competence of earth and planetary physicists (see Table
11.73). In these mobility patterns we note that 56 percent of
the subfield population remains in it as compared with the 49
percent average citation frequency of the subfield as an area of
secondary competence. The most likely subfield move, astronomy,
has a weight of 10.7 percent, much like the 11.3 percent probabil-
ity for secondary competence in astronomy. On the whole, the pat-
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torn of interchange ot workertt is similar to Li, t. pattern ol

tapping subfield competence.
We have ranked the physics sublields In fable 11./7 according

to the longitudinal probability of remaining, which we have called

sul.field solidarity. L'or comparison with horizontal patterns ol
secondary scientitio competence, we have also calculated a mobility
overlap arca in a manner that corresponds formally to the compe-
tence overtop area shown for the suhfields in Table 11,74, Again,
the general features of the longitudinal and horizontal distribu-
tions ore much the same. We have taken this analysis one step fur-

ther and looked at the changes Ln first competence between 1968

and 1970. The results are tabulated in Table 11.78 and the now

familiar sequence of subfields again results, Three categories

emerge: First, the independent, static category always contains

elementary-particle, nuclear, and condensed-matter physics. An

Intermediate category consists of plasmas and fluids; earth and

planetary physics; and atomic, moiecular and electron physics.*

TABLE 11.77 Subfteld Mobility 1968 to 1970: Ranking by Subfield

Solidarity

Physics Solidarity
a

Mohilityb 1968, 1970 Samples

Subfield (%) Overlap(%) N 1968 N 1970

Elementary-particle 84.1 0.19 1063 1209

Nuclear 83.2 0.20 1390 1673

Condensed-matter 81.1 0.23 3245 3755

Plasmas and fluids 68.2 0.47 836 824

Acoustics 66.5 0.49 257 249

Atomic, molecular,
and electron

56.2 0.78 283 925

Physics in biology 55.7 0.78 201 180

Earth and planetary 55.6 0.78 581 486

Astrophysics and
relativity

42.1 1.38 195 121

Optics 37.4 1.70 847 637

Miscellaneous 48.7 1.04 2718 1883

Physics (weighted
average)

66.2 0.51

Astronomy 80.7 483 657

Total 1968 and 1970 12,599

samples

aSubfield unchanged, 1968-1970, as a fraction of 1970 total.
b
Newccmers 1 - Solidarity

Those Who Remained Solidarity

With a mlnor deviation in the measured first competence mobility.
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TABLE Ii.78 First Competence Mobility: Ranking by Subfield

Physics
Subfield SolidarityMa Mobility Overlap

b

Elementary-particle 67 0.43

Condensed-matter 66 0.52

Nuclear 66 0.52

Plasmas and fluids 54 0.85

Earth and planetary 50 1.00

Acoustics 44 1.27

Physics in biology 43 1.32

Optics 42 1.38

Atomic, molecular,
and electron

40 1.56

Astrophysics and
relativity

36 1.78

Astronomy 54 0.85

Miscellaneous 38 1.63

a.

b
Subfield unchanged, 1968-1970, as fraction of 1970 total.

Newcomers 1 - Solidarity

Those Who Remained = Solidarity

A third category, with large overlap and mobility, includes optics

and astrophysics and relativity. Acoustics and physics in biology

show rather more overlap than mobility, placing them somewhere

between intermedian and high-overlap mobility categories. The

assumed relation between competence and mobility is well borne

out in the data: The susceptibility implied by the large sub-
field overlap is matched by a significant flow of manpower over

time.
Table 11.79 presents the pattern of change based on first com-

petence for earth and planetary physicists. The turnover of 52

percent is comparable te.th the average citation of competence

outside the subfield, 51 percent, the complement of the average

internal citation probability of 49 percent in Table 11.73. The

directionality of competence mobility with respect to the other

TABLE 11.79 First Competence Mobility:
Earth and Planetary Physics, 1968-1970

Changes for PhD's in

First Competence
in 1968

First Competence in 1970
1968 TotalEarth and Planetary Other

Earth and planetary
Other
1970 Total

231
269

500

234 465

12,511
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subfields is the same as that given in the static overlap pat-
tern and, as we have seen, the same as that manifest in actual
subfield mobility.

We ne.z.t examine the recent growth pattern of earth and plane-
tary physics. Under normal conditions we would expect growth to
take place in a pattern commensurate with the pattern of overlap.
The interchange among subfields reflects this pattern, bu- recent
growth does not. In Table 11.80, expectations are compare(. 'th

changes from 1968 to 1970. The normal entering distribution,
column 3, is proportional to the product of the total overlap
with the other subfields, column 2, and the size of populations
in those subfields, column 1. These data come directly from
Table 11.73. Only the relative size of expected entering groups
has significance, and we have set a numerical absolute value of
30 for the grouping of plasmas and fluids; optics; and atomic,
molecular, and electron physics for ease of comparison with the
actual net flux of PhD's given in column 4. Comparison of normal
and actual patterns of flux show a large number of people are
coming from astronomy, three times the number expected on the
basis of overlap-circulation characteristics. The flow of PhD's
from traditional physics subfields, elementary-particle, nuclear,
and condensed-matter physics, is only 50 percent higher th.an
might be expected for isotropic growth. The importance of ihe re-
lationship with astronomy was suggested in the analysis of the
elite group of earth and space scientists at the beginning of this
chapter. The flow of manpower from the, traditional physics sub-
fields is not sufficiently large to indicate substantial relief of
the stress of limited resources that is said to exist. Although
the data suggest no anomalous impedance to mobility, there is no
sign of an enhancement that might be desirable.

To what extent is employer mobility a factor in subfield mobil-
ity? How much research redirection takes place in periods of un-
changed institutional affiliation compared with changes concurrent
with employer mobility? Table 11.81 shows subfield mobility ac-

TABLE 11.80 Normal and Actual Flux Distributions by Source

Source

Source Overlap Normal Actual Net
Popula- Distri- Entrant PhD Entrant
tion bution Distribution

a Distribution

Astronomy 630 11.3
Plasmas and fluids; 3250 11.1
atomic, molecular,
and electron; and
optics

Elementary-parti- 7350 4.5
cle, nuclear, and
condensed-matter

6 18

30 30

27 43

a(Population) x (Overlap), in arbitrary units.
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TABLE 11.81 Earth and Planetary Physics Subfield Mobility with
and without Concurrent Employer Change: Number of PhD's and

Median Age

Employer
1968-1970

E&P
1968
Number

Left
E&P

E&P Both
1968 and
1970

Entered
E&P
Number

E&P
1970
Number

Net
E&P
Change

University 169 54 115 87 202 33

Industry 77 28 49 61 110 33

Government 101 31 70 28 98 -3

Research center 58 14 44 21 65 7

Other 9 5 4 5 9 0

Unchanged, sub-
total

414 132 282 202 484 70

Median age 39.3 39.0 39.2 39

Changed, subtotal 72 31 41 56 97 25

Median age 32.4 33.5 33.9 33

Total 486 323 258 581 95

Median age 38.6 38.5 38.3

cording to type of employing institution. Of 589 earth and plane-
tary physics PhD's in 1970, 16.7 percent had changed employer
since 1968; half of these 97 PhD's were under 34 years of age,
and 58 percent of this employer mobile group entered earth and
planetary physics for the first time. The other 42 percent had
been working in this subfield before they changed jobs. The re-
maining 83.3 percent of the 1970 earth and planetary physicists
were still employed by the same type of institution as in 1968.

This employer static group was divided approximately 42 percent
to 58 percent between newcomers and older established scientists.

Although employer mobile PhD's were somewhat more likely to
have changed into earth and planetary physics than employer static
ones, such a large age difference appears between those who

changed and those who were static that typical early career ef-
fects account for employer changes more than would effects re-
sulting from the subfield.

The composition of the 1970 earth and planetary physics PhD
group is summarized in Table 11.82.

Among the employer static new earth and planetary physicists,

industry showed the largest fractional growth (55 percent), uni-

versities somewhat less (43 percent), and other types of employ-

ment little increase.
If in the future one anticipates a larger commitment to earth

and planetary physics as a result of employer mobility, the pat-

tern of employer interchange between 1968 and 1970 should be ex-

amined. Table 11.83 records the employer changes of earth and

planetary physicists from 1968 to 1970. One seventh (14.7 percent)

made such changes; of these, three fourths (73 percent) were uni-

versity related-young PhD's leaving and some older ones returning.

1 I 1
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TABLE 11.82 Mobility Composition of Earth and Planetary Physics

PhD Population

Source Number Percent Median Age

New PhD's 145 20 31.5

Employer mobile PhD's 97 13 33.9

Employer static PhD's
New to earth and 202 28 39.0

planetary physics
In earth and planetary 282 39 39.2

physics in 1968

TOTAL 726 100 37.4

The pattern of interchange between the university and other types
of employment appears in Table 11.84.

TABLE 11,83 Changes in Employer, 1968 to 1970, for 502 PhD's

Working in Earth and Planetary Physics: Number and Median Age

1570 Employer
Total 1968 Employer

1968 Universy Industry Government Research Centers OtJa_ Distribution

Empioyer No. Age No. Age No. Age No. Age No, Age Nc. Age

University 17b 38.4 9 30.7 11 33.5 8 32.0 k 29.4 208 37.2

Industry 4 33.5 79 41.2. - 2 34.5 2 40.5 87 40.9

Government
Research center

8

2

34.5
J4.5

1

1

49.5
45.5

104
4

39.9
45.5

2

58

40 s
7 33.5

115
66

39.7
39.7

Other 8 31.8 2 44.5 3 29.5 2 36.: 19.5 26 34.5

Total 1970 198 37.7 92 40.7 122 39.4 72 38.5 36.5 502 38.9

distribution

274 changed employment; 428 rema!ned In the same typo of employing institution; total with employment

known in both years was 502.

TABLE 11.84 University and Other Employment Interchanges in Earth
and Planetary Physics, 1968 to 1970

1968 Employer

1970 Employer
University Other

University 176 32

Other employment 22 272
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11.2 Samples of Special Pop':lations

11.2.1 .CAREER CHOICES OF TALENTED MALE STUDENTS

At the start of the 1960's one sometimes heard it argued that we
could and should greatly expand our national production of scien-
tists by encouraging a larger proportion of the talented young
people to choose scientific careers. Such arguments were based on
the belief that of the population of people with the necessary apti-
tudes, only a minute fraction was going into science. Although the
feeling that the United States needed more scientists was greatly
muted by the end of the 1960's, one heard increasingly often the
complaint that the best students were turning away from science.
The bases for these arguments and complaints were sometimes merely
subjective impressions, sometimes extensive statistics, such as
those of Harmon* correlating,IQ scores with the obtaining of doc-
torates,.or those of Nichols' on the study plans and career aspira-
tions of National Merit Scholarship semifinalists. Having access
to information on the life-long career activities of a group of
people selected for academic aptitude with unusual care and thorough-
ness at the time of their graduation from high school, and without
bias among fields, we undertook to investigate the distribution of
these people among careers and ways in which this distribution
might have changed during the last several decades.

11.2.1.1 Nature of the Sample

The Summerfield Scholarships, established at the University of
Kansas in 1929, are awarded each year to male graduates of high
schools.in the state on the basis of competitive examinations fol-
lowed by person-by-person scrutiny. Occasionally they are awarded
also to students already at the University. The awards have high
prestige and are much sought after; they are made on the basis of
scholarly promise alone, without bias for or against any field of
study and without regard to the financial resources of the student.
After the award is made, the.student's financial resources are in-
vestigated and he is supplied with whatever supplemental assistance
he needs to pursue his studies without financial worry. If, as is
nearly always the case, the student's university work fulfills ex-
pectations, the scholarship is renewed each year until he graduates.

Each year the University issues a list of all alumni of this
program, giving for each alumnus any advanced degrees he has 're-
ceived and his present employment.5 From 1933 to 1969 there were
509 alumni, of whom 18 had died and 13 were incompletely traced.
Figure 11.14 shows the number of Summerfield graduates by year of
bachelor's degree. The numbers have fluctuated considerably from
year to year, because of secular trends and because the number of

*Harmon, L. R., Science, 133, 679 (1961).
t
Nichols, R. C., Science, 144, 1315 (1964).
5Pamphlets titled University. of Kansas Summerfield Scholars issued
each April by the University of Kansas.
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FIGURE 11.14 Graduates of the Summerfield Scholar program by
year of graduation.

1970

scholarships that can be awarded in any year depends on the finan-

cial needs of the recipients. As the average number of scholars

per year has risen only slightly from the mid-1930's to 1969, while

the enrollment at the University has more than quadrupled during
the same interval, it is reasonable to guess that the standards
have risen at least slightly, though perhaps not greatly, as alter-

native scholarships and the like may have become more available.

According to informal estimates by administrators and others famil-

iar with the program, these alumni are probably typical of about

the top 3 or 4 percent of graduates of the University of Kansas

(henceforth referred to as KU). To gauge what this means on an

overall national scale one must rate KU bachelor's degree holders

relative to those of other institutions. According to a recent

compilation,* KU baccalaureates accounted for 373 of 80,978 U.S.

PhD's in the years 1960-1966 (a fraction 0.0046). As the 1968-

1969 enrollment was 16,964, compared with a national total of 5.77

million in four-year institutions (fraction 0.0029), it is probably

conservative to conclude that the Summerfield Scholars have an abil-

ity level characteristic of the top 3 or 4 percent of U.S. college

graduates.
It is interesting to compare the characteristics of this sample

with those of Nichols's+ sample of National Merit Scholarship semi-

finalists. This category of students comprises a rather larger

*Doctorate Recipients from United States Universities 1958-1966.

(NAS Publication 1489) Washington, D.C.: National Academy of

Sciences, 1967.
+Nichols, R. C., Science, 1443 1315 (1964).
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frac:ion of college enrollments than the Summerfield Scholars do of
KU enrollment; however, their selection process, based on test scores
alone, is less careful and is not subject to modification after en-
trance into college. Only a small fraction of the National Merit
Scholarship semifinalists applying for Summerfield Scholarships
receive them. More serious, however, is that Nichol's data con-

sisted only of career choices, expressed before entering college,
and major fields of undergraduate study, whereas the Summerfield
data refer to career positions into which the men settled a number
of years after graduation. Nichols also gave some figures for
another sample, of somewhat lower average ability, on changes in
career choice between.the year_of entry into college and the year
of graduation. These figures, unfortunately given for only one
class, show such large changes that one is uncertain whether to
interpret secular changes in career choices expressed on entering
college as reflecting ultimate careers or as reflecting improved
counselling.

11.2.1.2 Statistics on Eventual Careers

Figure 11.15 shows the percentages of Summerfield Scholars graduat-
ing in various time intervals who have gone into each of several
professions. Cross-hatched bars represent career positions, blank
bars represent graduate or professional school students, and the
bars with a question mark represent Prlduates with undergraduate
majors in the field indicated but t- Alom no data on present ac-

tivity are available. (Past experience suggests that most of these

are actually.graduate students.) The data shown by the cross-
hatched bars were based on the following definitions of the various
professional fields:

1. Natural science and mathematics. Includes all those whose
titles suggest that they teach science at the college level or en-
gage in pure or applied research or its supervision. Psychology

is included but not anthropology.
2. Engineering. Includes all those whose titles suggest that

they perform or supervise engineering work or teach engineering.

3. Medicine. Includes MD's engaged in any medicine-related
work, dentistry, and possibly one or two other fields.

4. Law. Includes those engaged either in private law practice
or as attorneys for business or public organizations.

5. Cavernment administration. Includes administrators in na-
tional, state, or local agencies, other than military personnel.

6,--Tiusiness. Includes administrators in private business or-
ganizations, exclusive of attorneys and those involved solely in

research or engineering work. Includes accountants.

7. Social science teaching and research. Includes college fac-

ulty in social sciences, history, and anthropology and scholars in
these fields employed elsewhere (but not in high school teaching).

8. Humanities. Includes college faculty in literature, philos-
ophy, and the like, independent writers, etc., but not clergy, high
school teachers, artists, or musicians.

11 5
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9. Miscellaneous: Includes high school and grade school
teachers, educational administrators at all levels, artists and

musicians, military personnel, clergy, journalists, architects,

and pharmacists.
NATURAL SCIENCES
and MATHEMATICS 30%

ENGINEERING
30%

20% 20%

10% 10%

20%

10%

1932 41 47 50 55 60 6.3
-40 -46 -49 -54 59 64 69

LAW

o 932 41 47 50 55 60 65
-40 -46 -49 -54-59 6469

EMEPACCOM11:10

SOCIAL SC(ENCES
( TEACHING and-RESEARCH)

20%

10% P

171 [1 7
932 41 47 50 55606
-40 -46 -49 -54 59.6469

0
1932 41 47 50 55 GO 65

/
P

0

2

0

0

SMgi
g

20%

10%

0
1932 41 47 50 55
-40 -46 -49 - 54-59

-40 -46 -49 -54 59 64-69

GOVERNMENT
ADMINISTRATION

20%

10%

HUMANITIES

7

1932 41 47 50 55 60 65

20%

10%

20%

10%

20%

10%

0
932 41 47 50 55 60 65

-40 -46 -49 -54.59 6469 -40 -46 -49 -54-5944 69

MEDICINE

932 41 47 50 5560 65
-40 -46 -49 -54 59 64 69

BUSINESS

932 41 47 50 55 60 65
-40 -46 -49 -54-59.6469

MISCELLANEOUS

FIGUTE 11.15 Percentages of Summerfield Scholars, graduating in
various time intervals, who have settled in various professions.

Years of graduation are given at the bottom, the numbers of graduates

in the various periods being
1932-40: 95 1955-59: 64

1941-46: 53 1960-64: 88

1947-49: 44 1965-69: 90

1950-54: 56

Shaded bars are men in jobs, unshaded bars are graduate and
professional students, and question marks are uncertain cases)

classified by field of degree.

advanced
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To the extent possible, graduate and professional students were
assigned to one of these categories. Obviously students assigned

to one could be expected sometimes to go into careers in another.

Such a change is especially likely -mong students in the social

sciences, who will often enter government or business. Medical

students, in marked contrast, nearly always continue in medicine.
It should be noted that the career distributions for the 1932-1940

classes were made from data available in the early 1950's; those

for subsequent classes were made from 1969 or 197J data. 'A com-

parison of the early and recent data for the 1941-1946 sample showed

few career changes except for the expected migration, with increas-

ing age, of a minority of-the scientists and engineers into busi-

ness or other administration.
Figure 11.16 is an attempt to compare the Summerfield Scholar-

ship data with those of Nichols on National Merit Scholarship semi-

finalists. The wide bars at the right and left of each diagram
represent the Summerfield data for students graduating in each of

two decades; as before, cross-hatching represents jobs, open spaces

graduate or professional students, and question marks uncertain

cases classified by undergraduate major. Nichols's data are repre-

sented in part by the narrow bars in between, which show pre-enroll-

ment (freshman) choices of undergraduate major subject, averaged

for the college entry years shown. The dumbbells'represent the
corresponding pre-enrollment preferences for eventual careers. As

the change in career choices from freshman to senior years was

available for only ()lie class (entry 1957, graduation 1961), no

precise three-year averages can be given for the senior year choices;

instead, the lines with x's at the ends have been drawn in the

1958-1960 column at a height equal to the height of the dumbbell

times the 1957-1961 ratio of senior-year to freshman-year prefer-

ences. The narrow bars for medicine refer to those planning en-

rollment in premedical curricula; no enrollment bars are given for

law, because it is not an undergraduate option; all majors in so-

cial sciences (like the graduate students in Figure 11.15) were

placed under social science teaching and research; humanities were

treated similarly.
So far we have concentrated on changes with time, and the Sum-

merfield data are too sparse to permit subdividing them by field of

science as well as by time period. If all data for classes 1950

are taken together, we find that of the 50 or 60 men assigned to

natural science in Figure 11.15, at least 15 have entered physics.

Two more, both with bachelor's degrees in engineering physics, are

members of the American Physical Society (APS). If we restrict at-

tention only to those in nonstudent jobs, the ratio is 13 or 14 of

33 or 34. Clearly physics has been getting more than its share of

those especially gifted men. However, the data are not sufficient

to refute the speculation that in the last decade physics has drawn

fewer such men than, say, biology. Of the 13 in what are clearly

physics jobs, the two oldest are APS Fellows; the others (PhD's

since 1962, except.possibly for one undated case) are a little young

for this rank; only one is neither a PhD nor a graduate student and

probably is finishing.a thesis.
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A similar analysis of Summerfield graduates prior to 1950 shows
11 physicists from among 28 natural scientists. Of the 11, all
but one have PhD's and six are APS Fellows.
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FIGURE 11.16 Comparison of Summerfield-Scholar (SS) and Merit
Semifinalists (MS, from Nichols) data. The broad bars at the left
and right are the SS data of Fig. 11.2, averaged 1950-59 and 1960-
69, respectively. The narrow bars in between are the intended un-
dergraduate majors of the MS samples. The dumbbells are career
intentions at time of entry into college; the lines with x's are
these multiplied by the ratio of senior to freshman intentions for

the 1957-61 class.
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11.2.1.3 Conclusions

In general the two sets of data in Figure 11.16 appear reason-
ably compatible, when one makes allowance for their obvious
limitations, for example, that increasing age increases the
probability of involvement in business and government adminis-
tration or that not all students planning to entev medicine en-
roll in an explicitly premedical major. Neither set of data gives
convincing support for Nichols' implied conclusiol that tal-
ented students are becoming less likely to adopt careers in basic
science. The slight decrease in the level indicated by the dumb-
bells in Figure 11.16 between 1958-1960 and 1961-1963 could well
have resulted from improved counseling, that is to say, from a
decrease in the difference between the dubbell and x levels, or
the ultimate career choice. In regard to engineering, however, all
three types of data suggest that Nichols may well have been correct
in concluding that the inclinations of talented students toward
this field is decreasing. If this finding is true--and better sta-
tistics would be needed to establish it with certainty--it could
have important implications for the role of pure-science fields in
the economy. It would partially nullify the argument, often made
currently, that the increasing sophistication of engineering edu-
cation is causing engineers (especially PhD's) to take over the
role formerly played by physicists as the best reservoir of talent
for technological tasks involving new and unfamiliar ideas. Al-

though engineering training may be improving, this improvement may
be offset by a decreasing number of the most highly talented youth
who elect it; if so, it may be as necessary now as in earlier de-
cades to draw on the pure scientists for technological innovations.

The data on physicists in the Summerfield sample, given in the
last paragraphs of Section 11.2.1.2, suggest that the ability level
of the sample is about that of APS Fellows and show that among natu-
ral science students at this ability level, nearly a third have en-
tered physics in the last few decades. (In the Nichols sample, from
one half to a little less than one third of the National Merit Schol-

arship semifinalists planning majors in natural science fields

planned to major in physics.) But a decline in enrollments in phys-

ics in the last few years, relative to other sciences, is suggested
by the Nichols data and cannot be refuted by the Summerfield data.

11.2.2 PHYSICS DOCTORATES WHO HAVE LEFT PHYSICS

A significant number of people, after beginning a career in physics,
even with a doctorate, eventually move into other sciences or en-
gineering or into entirely nonscientific fields. Projections of

the balance between supply and demand in future years, such as those
attempted in Chapter 12 of Volume I of Physics in Perspective, need
to take into account this portion of the population. In planning
both the scale and nature of graduate education in physics, one
would like to know, among other things, to what extent these people
are misfits who should never have studied physics and to what ex-
tent they represent an important channel for cross-fertilization of
other professions, scientific, administrative, or educational. The

study we report here was a highly preliminary one designed to ex'

119



1574 PHYSICS IN PERSPECTIVE

plore one possible means of getting answers to some of these ques-

tions.
Examination of a list of nearly 500 people who had received doc-

torates in physics from the Massachusetts Institute of Technology
(MIT) between 1935 and 1959 revealed a number who, from their ad-
dresses or other information, were not in academic physics depart-

ments in 1970, These people were queried by mail regarding the way
in which their careers have developed and the relation, if any, of
their physics training to their present work. Replies received from

slightly less than half indicated the following:

1. Only about one fifth said that more than half of their pres-
ent work involved physics by extrapolation; therefore, one can guess
that approximately one fourth of the MIT physics doctoral alumni of
this vintage have moved into work that is primarily outside the
scope of physics...

2. About one fourth of the responses were from presidents or
vice presidents of companies working in communication, data proces-
sing, geophysics, and space and defense systems. This number ex-

trapolates to about one in 14 of all physics PhD alumni. As ex-

pected, these men were somewhat older than the others, having re-
ceived their doctorates some 25 ± 6 years previously; it had been

14 ± 7 years since the majority of their work involved physics.
But all thought that their physics background was helpful to them

in their present positions.
3. A somewhat larger fraction--corresponding to about one in

nine of all the alumni studied---were now directors of research or
engineering development in high-technology companies. They were

somewhat younger than the group described in 2 above, 20 years on
the average having elapsed since receiving the doctorate, and the

present work of about 30 percent involved physics.
4. A third large group--extrapolating to about one in 12 of the

alumni--were working in universities but not in physics departments.

5. A fourth and somewhat smaller group was self-employed, do-
ing technical consulting for industry and the government. Approxi-

mately half of their york was still related to physics.

The greater proportion of alumni, who have moved out of physics,

is shown in Table 11.85. Actually, the figures in the table prob-

ably reflect two effects. One is that motion away from physics is

cumulative: opportunities to move into other professions, particu-

larly administration, increase with the years, and once one has left

physics one is unlikely to return. Another factor, however, has

been the evolution of the physics enterprise. The vast expansion

of university staffs and industrial physics research in the 1950's

and 1960s created a great demand for physicists, including senior

ones, which may have acted to keep a larger proportion of people in

the profession than was the case for the same age groups in earlier

years. In the 1970's a reversal of this trend may well occur. In-

terestingly, none of the persons surveyed spent more than six years

in a physics department after receiving the PhD.

A valuable product of the survey, though one rather difficult to

convey in a brief sumthary, was the collection of free-language com-
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ments by the respondents. In these comments, and in their responses
to questions on the value and relevance of their physics education,
the overwhelming majority affirmed that their education in physics
research had been of value in their careers. Moreover, three
fourthi of them said that their training in physics also had been
of value to them for reasons other than its relevance to their work.
Although research training was iometimes cited for its value in
teaching methods of thought and working philosophy that may be ap-
plicable to other types of problems, there was an even stronger
emphasis by many respondents on the exhortation that graduate train-
ing in physics should not be allowed to be too specialized. Courses
in classical theoretical physics were the ones most often cited as
being of particular value.

This study, incomplete though it is, gives some support for the
view that doctoral training in physics, if not too narrowly special-
ized, can serve as a useful one of many possible channels for pro-
viding the nation with a diverse and innovative population of edu-
cational and industrial administrators.

TABLE 11.85 Estimates of the Migration of MIT Physics Doctorates
from Physics, as of 1970

Year of PhD
Total Estimated No. Fraction
Alumni Who Left Physics Leaving

1935-1940 62 36 0.58
1941-1945a 56 14 0.25

1946-1949 73 23 0.32
1950-1954 160 50 0.31

1955-1959 139 27 0.20

Total, 1935-1959 490 150 0.31

aThe World War II years are separated, even though this makes the
time intervals in the table unequal in duration.

1 2 1



III

DATA ON
FUNDING
AND
COSTS

111.1 General Survey of the Various Sources of Support
for Physics Research

111.1.1 SOURCES OF INFORMATION AND DIFFICULTIES IN THEIR USE

The chapters of this report dealing with the funding of physics are
all concerned with the support of research in physics, or of activ-
ities directly related to the research enterprise, as distinguished
from the role of physics in such activities as general education,
developmental engineering, and industrial production. Even so,

ambiguities can arise in regard to how research is to be distin-
guished from these other activities and, of course, where the lines
are to be drawn separating research in physics from research in

other sciences and engineering. So perhaps we should begin this

chapter with a few words about the delineation of our subject.
The conventional categories of research, for example, in the

tables published by the NSF in its periodic report, FederaZ Funds
for Research, Development, and Other Scientific Activities, are
basic research, applied research, and development. Basic research

is defined as "exploration of the unknown...primarily motivated by

the desire to pursue knowledge for its own sake." Applied research

is described as "finding the means to meet a recognized need." De-

velopment is defined as "systematic use of knowledge...directed to
the production of useful materials, devices, systems, and methods."

Although the distinction among these three activities provides a
useful way of ordering one's thinking, it is difficult to make these
distinctions precise or quantitative, because they depend---espe-
cially in the case of basic versus applied research---on knowing

motivation. What is applied research in the mind of an administra-
tor or official of a granting agency may be basic research to the

1576
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person doing the work, or vice versa. ln recording their use of
funds, different agencies may draw the dividing line in different
places. For these and related reasons, we have chosen, in all our
collection and analysis of funding data, to concentrate on research,
without attempting to distinguish basic from applied, and to define
it in the following way: Research is the generation of new knowledge
that, soon after its generation, becomes a part of the publicly a-
vailable archive of knowledge. A useful corollary of this defini-
tion is that research activity in physics can be studied through
the primary journals, books, and other publications of the field.

The overlap of physics with other scientific and engineering
fields is, of course, substantial. The nature and extent of this
overlap are discussed in some detail in Section IV.1.1, in which
we show that the citation structure of the scientific and technical
literature can be used to provide a reasonably logical and objective
definition of the boundary between two adjacent fields. Although
application of this technique to the separation of funding for phys-
ics from that for other fields would be prohibitively laborious, it
can be used, as described there, as a check on the reasonableness

of the intuitive decisions on what is and is not physics that one
must make in the course of assembling data. A few checks of this
sort that we have made have given us confidence that the defini-
tions of physics that we have used in the presentation of our data
ar- reasonably consistent with the objective definition.

'lthough we have tried to apply our own definitions of research,
physics, and even support whenever possible and to do so consistent-
ly, most of our data-gathering activities have had to rely exten-
sively on the records of various organizations, particularly govern-
ment agencies, and on the categories in which these records are kept.
Because of the difficulties with definitions, to which we have just
alluded, one is entitled to view all such data with some suspicion,
and one would like to be able to check data derived from one source
against those derived from a more or less independent source. The
sources from which we have been able to obtain useful data on fund-
ing are the following:

1. Detailed records of federal agencies, studied with the aid
of officials of these agencies. These records have been our prin-
cipal source of information about the funding of physics by the
DOD, NSF, AEC, and NASA.

2. Government publications prepared for other purposes. These
include, in particular the FederaZ Funds series* and the annual
Statistical Summary of the AEC Physical Research Program.

3. The acknowledgment of research support usually made in re-
search articles in journals.

4. Queries made to small but carefully selected samples of uni-
versities and industrial research organizations.

5. Mention of government support made by respondents to the
questionnaire for the National Register of Scientific and Technical
Personnel.

*Federal Funds for Research, Development, and Other Scientific
Activities, issued periodically by the NSF.
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The data obtained from source 1 are described in Section 111.2.
Those obtained from source 4 are discussed in Section 111.3 and
111.4 and those from sources 3 and 5 are the subject of the para-

graphs immediately following.

111.1.2 NONDOLLAR DATA RELEVANT TO THE DISTRIBUTION OF SUPPORT

111.1.2.1 Distribution of Support Acknowledged in Journal ArticZes

It is a fairly consistent custom in the physics literature for pa-

pers reporting work that has received support from sources outside

the institutions with which the authors are affiliated to contain
an acknowledgment of this support. By counting such acknowledg-

ments one can get a good deal of information about the sources of

support for work performed in various types of institutions and its

distribution among the subfields of physics. The information is in-
complete, of course, for the dollar amount is never stated and the
relative contributions of different sources, when there is more

than one, are not indicated. However, if reasonable allowance is

made for these ambiguities, the results can provide a useful check

on.funding information obtained in other ways.
In our survey, members of the Statistical Data Panel examined

all the articles published in a two-month period in 14 AIP journals

and 29 non-AIP journals. The months used depended on availability,

but all issues were published between mid-1969 and mid-1970. The

total number of papers examined was 1200, 834 from AIP journals and

366 from non-AIP journals. Since the total number of physics papers
published by U.S. authors in a year is estimated to be about 14,000,*

the sample represents slightly less tha..1 one tenth of the annual

U.S. output of published physics papers. The distribution between

AIP journals and non-AIP journals (mostly European) in the sample

was rough]y consistent with the known publication pattern of U.S.

work.t
The survey was conducted in the following way. All papers in

each issue selected were examined. Only those papers that were

regarded as physics and the authors of which were affiliated with

an institution in the United States were counted. For each physics

paper a subfield assignment was made and the nature of the perform-

ing ingtitution and sources of support acknowledged were recorded.

If no external source of support was acknowledged, support was cred-

ited to the authors' institution. Many complicated cases were en-

countered involving papers in which the authors represented several

institutions, multiple sources of support were mentioned, and par-

tial support was acknowledged. To increase ehe manageability of

the data, the Panel chose as the least count 0.5, so that no paper

*Physics in Perspective, Volume
Table XIV.11.

+compare, for example, Table IV.
Perspective, Volume II, Part B,

II, Part B, Figure XIV.32 or

3 (in Chapter IV), also Physics in
Table XIV.9.
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was divided between more than two performer-support combinations,

with omissions, when necessary, being assigned to the last-men-

tioned institutions or sources. A somewhat arbitrary decision on

division of support among institutions or sponsors was required for

about half of the papers%
The results are presented in a series of tables, which record

the counts of various subfield-source-performer combinations.

Table 111.1 shows acknowledged sources of support by subfield.

Table 111.2 is a similar table but includes only research performed

in universities. Table 111.3 shows the institutional affiliation

of authors of journal articles by subfield. Tables 111.4, 111.5,

and 111.6 show the patterns of support of the three major federal

funding agencies for physics research by performing institution and

subfield. The general picture resulting from these tables will be

compared in Figure 111.1 with that based on statements about gov-

ernment support made by respondents to the National Register. Both

types of figures, which suffer, of course, from lack of calibration

in dollars, will be compared with dollar data obtained from records
ot government agencies in the following subsection.

TABLE 111.1 Acknowledgment of Support in Journal Articles,

by Subfielda,h

Source of
Support ASg ANE EP NP PSF CM ESP

No-
phys Acoost Opt

Other
Phys. Total Percent

University 2.5 :9.(I 19.5 21.5 15.5 65.0 4.0 1.0 2.0 8.0 19.5 187.5 15.6

rmin 10.0 50.0 18.5 13.0 17.0 126.5 14.5 - 13.0 18.0 13.5 294.0 24.5

NASA 4.5 20.0 1.0 2.0 7.5 14.5 26.5 - 2.0 7.0 6.5 91.5 7.6

AEC - 19.0 54.0 72.5 15.0 77.0 3.0 3.5 6.0 250.0 20.8

NSF 5.0 28.0 21.5 22.5 13.0 51.0 8.0 1.0 7.0 11.0 169.0 14.1

Other gov. 1.0 7.0 2.0 2.0 2.5 25.0 - 4.0 1.0 6.5 3.0 54.0 4.5

Industry - 14.0 0.5 2.5 76.0 1.0 - 5.0 19.0 12.5 131.0 11.0

Nonprofit 1.5 1.0 0.5 - 5.5 1.0 2.5 0.5 12.5 1.0

Private 1.0 2.5 2.5 0.5 2.0 - - 1.0 9.5 0.8

TOTAL 23.0 169.5 120.0 137.0 74.5 442.5 58.0 5.0 24.0 71.5 73.5 1200.0 100.0

'Entries nre numbers of papers sampled acknowledging support from the given source. with occnsIonnl
fractional allocations an discussed in the text.

-Subfield abbreviations used are A&R. astrophysics and relativity; AME, atomic, molecular, and electron
physics; EP, elementary-particle physics; NP, nuclear physics: P&P, plasmas nnd fluids; CM, physics of
condensed matter; ESP, earth nnd planetary physics; giophys. biophysics; Acoust, acoustics; Opt, optics.
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TABLE 111.2 Sources of Support Acknowledged in Journal Articles

from Universities, by Subfield
a b

Soorce of
Support A48 AMP. EP NP P4F CM E41. Acoust Opt

other
Phys. Total Percent

University 2.5 29.0 19.5 21.5 11.5 65.0 1.0 2.0 7.5 20.5 186.0 24.5
DOD 10.0 37.0 17.5 7.5 11.5 88.0 4.0 5.0 9.0 9.0 198.5 26.1
NASA 2.5 11.5 0.5 4.0 10.0 18.0 1.0 4.5 2.5 54.5 7.2
AFC 7.5 42.0 31.5 7.0 26.0 2.0 - 1.5 1.5 119.0 15.7
NSF 5.0 28.0 21.5 22.0 13.0 51.0 7.0 1.0 6.5 12.0 167.0 22.0
Other Rev. 1.5 - 1.5 10.0 - 1.0 1.5 4.0 19.5 2.6
Industry - - - 1.0 - 1.0 0.1
Nonprofit 1.5 - 0.5 2.5 - - 0.5 - 5.1) 0.7
Private 1.0 1.5 2.5 0.5 2.0 - - 1.0 8.5 1.1

TOTAL 20.0 117.0 102.0 86.0 53.0 255.5 34.0 10.0 31.0 50.5 759.0 100.0

,'Entrles ar :lumbers of papers, as Is Table 111.1.

'Subfield abbreviations used are the same as those Identified In Table 111.1, footnote 6.

TABLE 111.3 Institutional Affiliation of Authors of Journal
,Articlesa b

Type of
Instltution Afar AME EP NP PLF CM E&P Fiophys Acoust Opt Other Phys. Total

University 19 119 104 86 54 255 34 4 10 31 47 763
Industry - 18 1 2 7 87 7 7 20 16 165
Nonprofit 3 2 14 - 6 - 29
Gov. in-house 2 13 2 6 4 35 8 1 5 10 4 89
Federally

funded re-
search and
development
center

1 17 14 39 8 57 11 - 2 4 6 159

TOTAL 22 171 121 136 74 448 60 5 24 71 73 1205

Entries are numbers of papers, as in Table 111.1

'Subfleld abbrevlatIons used are the same as those identified in Table 111.1, footnote b.
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TABLE 111.4 Distribution of Papers Acknowledging Support by the

Department of Defense, by Subfielda"'")

Institution
Performing
Reported Work ASR NNE EP NP PSI, CM ESP Aeousr Opt

other
Phys. Total

University 10.0 31.0.,17.5 7.5 11.5 88.0 4.0 5.0 9.0 8.5 198.0

DOD lab or.
bon PERM:-

5.5 1.0 4.0 2.0 26.5 8.5 7.0 5.5 1.0 61.0

Industry 2.0 - 1.5 3.5 11.0 1.0 1.0 0. 3.5 22.0
Other 5.5 - - - 1.0 1.0 - . 0.5 11.0

TOTAL 10.0 50.0 18.5 11.0 17.0 126.5 14.5 13.0 MO 13.5 294.0

lEntries are numbers of papers, as in Table 111.1

ISubfield abbreviations used are the same as those identified in Table 111.1, footnote b.

'Federally funded research and development center.

TABLE 111.5 Distribution of Papers Acknowledging Support by the

Atomic Energy Commissiona,o

Institution
Performing Other
Reported Work AME EP NP PfiF CM ESP Opt Phys. Total

AEC FFRDC 10.5 12.0 38.0 7.5 47.0 1.5 2.0 4.5 123.0
University 7.5 42.0 31.5 7.0 25.5 2.0 1.5 1.5 118.5

Industry - - - 2.0 - - - 2.0

Other 1.0 - 3.0 0.5 3.0 - - 7.5

TOTAL 19.0 54.0 72.5 15.0 77.5 3.5 3.5 6.0 251.0

Entries are numbers of papers, as in Table III.1.

Subfield abbreviations are the same as those identified in
0 Table 111.1, footnote n.
-Federally funded research and development center.

TABLE 111.6 Distribution of Papers Acknowledging Support by the

National Aeronautics and Space Administration
a
'
b

Institution
Performing Other
Reported Work A&R AME EP NP P&F CM ESP Acoust Opt Phys. Total

University 2.5 11.5 - 0.5 4.0 10.0 18.0 1.0 4.5 3.0 55.0
NASA lab or
NASA MX" 2.0 7.0 1.0 0.5 2.0 3.0 5.5 - 1.0 3.5 25.5

Industry 1.0 - 1.0 0.5 04, 4.0 1.0 - - 8.0

Other 0.5 - - - 1.0 -
\

- 1.5 - 3.0

TOTAL 4.5 20.0 1.0 2.0 6.5 14.5 27.5 2.0 7.0 6.5 91.5

a
Entries are numbers of papers, as in Table III.1.

Subfield abbreviations used are the same as those identified in Table
ooFeaglirfhded research and development center.
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FIGURE 111.1 Comparisons of sources of government support reported
by respondents to the 1970 National Register (left, shaded bars for

PhD's, unshaded for non-PhD's) with those acknowledged in a sampling

of 1969 journal articles (right). The lengths of the bars on the

left here represent the fractions of thote (PhD's or non-PhD's)

answering "yes" or "no" to the government support question who men-

tioned support from the Program listed at the left; percentages
add to more than 100% because of multiple-support cases. The lengths

mf the_bars on the right, on the other hand, were obtained from the

last column of Table 111.1 and thus dc add to 100%. The lines in the

middle column indicate the correspondences between the categories of

agencies used in the two studies, which are roughly one-to-one in

some cases but are many-to-one in others.

111.1.2.2 Statements on Government Support by Respondents to the

National Register Questionnaire

One of the questions on the form for the National Register of Sci-

entific and Technical Personnel deals with government support. In

1970 it was worded as follows:

Is ANY of your work being supported or sponsored by U.S.

government funds? [Choices: yes, no, don't know] If

yes, is your work related to any of the following pro-

grams: [Choices: agriculture, atomic energy, defense,
education, health, housing, international, natural re-
sources, public works, rural development, space, trans-

portation, urban development, other program (specify)]

Like the acknowledgments of support discussed previously, these

questions yield data on only the number of individuals who indicate

that they receive some type of government support; a physicist who

receives $500 for summer salary supplementation and one who re-

ceives $50,000 for a major research project are equated. Table 111.7
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shows the distribution of responses to the first part of the ques-
tion. About 90 percent of the PhD's and 80 percent of the non-
PhD's answered with yes or no. The ratio of yes answers to the
total respondents declined between 1968 and 1970, for both PhD's
(0.67 -4. 0.60) and non-PhD's (0.59 0.52). Thus there seems to
have been a decrease during this period in the proportion of physi-
cists receiving federal support.

American Science Manpower presents comparable figures for other
fields in 1968. Although 62 percent of physicists, all degrees,
received federal support in 1968, only 43 percent of those in all
fields included in this publication received such support. The
only fields that depended more heavily on federal funds than physics
were atmospheric and space sciences (88 percent) and agricultural
sciences (70 percent).

TABLE 111.7 Government Support by Academic Degreea

U.S. Government
Support

Yes
No
Don't know
No answer

TOTAL

PhD Non-PhD
Number Percentage Number

9,956 59.9 10,188
4,958 29.8 5,626

230 1.4 789

1,487 8.9 3,102

16,631 100.0 19,705

Percentage

51.7
28.6
4.0

15.7

100.0

a
Data from the 1970 National Register of Scientific and Technical

Personnel.

Responses to the second part of the Register question give an
indication of the sources of government support in 1970. However,
the programs listed are more in the nature of functional fields
than either disciplines or activities of specific agencies. For
example, it is not clear where a person who had support from the
NSF physics program would be able to respond. This ambiguity
should be kept in mind in examining the distribution of responSes
presented in Table 111.8. The main findings indicated by this
Table are the following:

1. Defense, atomic energy, and space programs provide support
for the highest proportion of both PhD's and non-PhD's.

2. A higher proportion of non-PhD's than PhD's receives support
from defense activities, and a lower proportion of non-PhD's than
PhD's receives support from atomic energy programs. The distribu-
tion of support from other government programs is much the same for
PhD's and non-PhD's.
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TABLE Iu.s States Sources of Government Support, by Degreea

Source

PhD Non-PhD

Number Percentage" Number Percentage
b

Defense 3,941 39.6 5,023 49.3

Atomic energy 3,235 32.6 1,838 18.0

Space 2,176 21.9 2,215 21.7

Education 1,049 10.5 1,141 11.2

Health 541 5.4 437 4.3

Housing, public
works, transporta-
tion, and urban
development

309 3.2 328 3.2

Agriculture, natural
resources, and rural

262 2.7 293 2.8

,levelopment

other 1,037 10.4 929 9.1

TOTAL 12,550° 12,204°

aData from the 1970 National Register of Scientific and Technical

Personnel.
bPercent of those with government support (that is, of the 9956

PhD's and 10,188 non-PhD's) who indicate support from a particular

program. These percentages do not add to 100 because of multiple

responses.

Includes multiple responses. Apparently 2594 PhD's and 2016 non-

PhD's indicated more than one source of government support.

Figure 111.1 compares the distribution of support among agen-

cies, based on Table 111.8, with the distribution of support acknow-

ledged in journal articles (described in Section 111.1.2.1). The

distributions are similar, with one exception: the other govern-

ment category for each of the two types of data constitutes a

somewhat smaller percentage than one would expect from the presumed

correspondence wilh several categories of the other. The major

conclusion from the figure is, however, that the fraction of papers

in Tables 111.1---111.6 that did not acknowledge any government

support probably is about the same as the fraction that, indeed,

had no such support.

111.2 Support of Physics Research by Major Government Agencies

That most of the funds for physics research in the United States

come from a small number of government agencies made it possible

for the Data Panel, in collaboration with liaison representatives
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of these agencies, to ob,;:ain a reasonable picture of the magnitude
and distribution of the greaCer part of these funds. By detailed
examination of the records of the agencies, it was possible to ob-
tain dollar amounts for the expenditures on research in each of a
number of subfields of physics, using definitions of research and
of the boundaries of subfields that would be consistent from agen-
cy to agency. This procedure was much more satisfactory for our
purposes than simply recording the categories into which the agen-
cies organized their expenditures, as these categories are often
not comparable from one agency to another and do not correspond to
the subfield division used by the Physics Survey. This detailed
survey of the funding of physics research was, however, deficient
in a number of respects: Agencies providing only minor support to
physics were not included, and even within the major agencies, the
activities of some subdivisions were omitted; also, subfields such
as physics in biology and earth and planetary physics, in which
physics penetrates a large neighboring discipline, were covered
only imperfectly. Nevertheless, the tables we will present show a
reasonably valid picture of the funding pattern for most of physics.

111.2.1 DETAILED PARTIAL DATA

Table 111.9 gives the data obtained from the government agencies
that are the chief sources of support for physics research. The
definitions of the subfields used were essentially those described
in Section IV.1.1. However, there is no miscellaneous category
(which accounts for about 4 percent of the U.S. physics literature*);
for the entries of this table, all support for miscellaneous physics
was assigned to the most nearly appropriate one of the remaining
subfield categories, including the interfaces, earth and planetary
physics and physics in biology, which are not represented by rows
of the table because their funding is inseparable from that of non-
physics disciplines.

Table 111.10, similar to Table 111.9, shows the distribution
of DOD funding among the three major services.

It is interesting to compare these totals (which of course re-
quire some supplementationsee Critique of the Data, Section
111.2.2) with DOD's breakdown according to discipline.t Apparently

most of what DOD classifies as general physics is physics research
by our definition; most of what it classifies as nuclear physics
is not; significant amounts of what we classify as physics research
are found in other of the categories, such as chemistry or mater-
ials research.

111.2.2 CRITIQUE OF THE DATA

Our first objective is to make some rough estimates of the magnitude
of the expenditures for physics research by agencies or portions of

*Physlcs /n Perspective, Vol. II, Part B, Table XIV.1l .

tPhysics in Perspective, Vol. I, Table 10.A.10.
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TABLE 111.9 Expenditures by Federal Agencies for Research Ln the

Various Suhflelds of Physics, 1967-1970u

Suh-
h

Dollars per Fiscal Year (in millions)

field Agency 1965 1966 1967 1968 1969 1970

A&R DOD° 2.5 2.8 3.4 2.5 3.1 2.3

AEC 0.8 0.9 0.9 1.2 1.1 1.3

NASA
d

- - - - - -

NSF - 0.02 0.02 0.02 0.1 0.8

Total 3.3 3.7 4.3 3.7 4.3 4.4

AME DOD° 4.4 4.4 4.4 3.7 4.8 4.4

AFC d
NASA

4.1
1.9

4.9
1.8

5.1
1.3

5.4
1.4

5.8
1.2

6.1
1.1

NSF 1.6 1.0 2.2 2.1 1.7 1.5

Total 12.0 12.1 13.0 12.6 13.5 13.1

EP DOD° 7.4 7.6 7.3 7.7 2.6 2.3

AEC
j

NASA
,

87.2
0.1

.97.5

0.1
107.8

0.05
113.4
0.05

118.7
-

120.6
-

NSF 4.4 7.0 9.5 10.5 12.9 12.1

Total 99.1 112.2 124.6 131.7 134.2 135.0

NPL3 DOD
c

9.6 7.9 6.4 4.6 4.9 4.4

AEC d
51.6 61.1 69.7 73.3 77.5 83.8

NASA 0.5 0.6 0.8 1.4 1.4 .1.2

NSF 4.9 12.3 12.2 15.4 16.4 10.0

Total 66.6 81.9 89.1 94.7 100.2 99.4

P&F DOD
c 3.6 4.0 3.9 4.4 4.2 4.3

AEC
'i

NAS"
8.5
5.6

9.2
5.7

9.7
5.4

11.0
5.0

11.5
3.5

11.8
2.4

NSFJ - 0.1 0.2 0.3 0.7 1.0

Total 17.7 19.0 19.2 20.7 19.9 19.5

CM DOD
c,g

16.8 17.5 16.9 16.4 18.6 17.0

AEC 21.9 24.6 26.5 28.3 29.4 29.9

NASAd 2.8 3.8 3.5 4.1 3.3 3.4

NSF 4.0 5.4 5.6 5.8 6.0 6.1

Opt

Total
c

DOD

45.5

3.1

51.3

2.9

52.5

3.3

54.6

3.7

57.3

3.8

56.4

3.5

AEC 1.0 1.3 1.7 1.4 1.7 1.9

NASAd 0.4 0.7 0.9 1,3 1.4 1.3

NSF - - - - -

Acoust

Total
c

DOD

4.5

0.6

4.9

0.8

5.9

0.8

6.4

0.8

6.9

1.8

6.7

1.4

AEC - - - - - -

NASAd 0.05 0.05 0.07 0.03 0.02 0.02

NSF - 0.03 0.01 0.01 0.01 0.01

Total 0.7 0.9 0.9 0.8 1.8 1.4

I_ 3 2
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TABLE 111.9 Expenditures hy Federal Agencies for Research in the

Various Subfields of Physics, 1967-1970 (continued)

Sub-
.

Dollars per Fiscal Year (in mil:lions)

field Agency 1965 1966 1967 1968 1969 1970

All DOD 48.0 47.9 46.4 43.8 43.8 39.6

sub-
f ie Ids

AEC ,

NASA"
175.1
11.4

l99.5

12.8
221.4
12.0

234.0
13.3

245.7
10.8

255.4
9.4

NSF 14.9 25.8 29.7 34.1 37.8 31.5

Total 249.4 286.0 309.5 325.2 338.1 335.9

aThe interfaces, earth and planetary physics and physics in biology,
are omitted from this table, because their funding is difficult to
separate from that of the relevant nonphyslcs disciplines.

Suhfleld abbreviations used are the same as those identified in
Table iI1.1, footnote h.

`Data from the fiscal supplement 6.1, "Defense Research Sciences"
only; see "Critique of the Data" (Section 2.2) for rough estimates
of the expenditures under element 6.2, Exploratory Development.
Also, only funding by the three services has been included (see
Table III.10); see Section 111.2.2.

!Data for activities of the Office of Advanced Research and Tech-
nology only; see Critique of the Data, Section 111.2.2 for rough
estimates of expenditures by the Office of Space Sciences and Ap-
plications and other NASA subagencies.

Data gathered separately and in somewhat greater detail than for

the other subfields: See Volume II, Part A, Chapter II, especial-
ly Tables 11.9 and 11.10. Both operations and construction of fa-
cilities are included; they are listed separately in the tables

cited. The figures refer to basic research only and thus may fail
to include some work that would.qualify as research under the defi-
nition used elsewhere in the table.

fEntries undoubtedly too low: See Section 111.2.2.5.

cSupport from the Advanced Research Projects Agency through inter-
disciplinary materials research laboratories is not included on
this line: See Critique of the Data, Section 111.2.2 and Table

111.11.

agencies not included in the preceding tables. One of the most

useful sources of information for this purpose is the acknowledg-
ment of research support in journal articles, the general pattern

of which has already been discussed. We have supplemented this
general study with some special samples of papers acknowledging
DOD or NASA support.
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TABLE IIT.I0 Expenditures by the Three Services of the Department

of Defense'4 for Research In the Various Subflelds of Physics,

1964--1970, with Estimates for 1971'

Subfleld Service
holincrLper
1964

Fiseal Year Cin
1965 1966 1967 1968 1969 1970 1971

Army 0.02 0.03 0.02 0.01 0 0 0 (0)

Navy 1.1 1.1 1.5 2.0 1.2 1.6 1.2 (0.5)

Alr Force 1.3 1.4 1.3 1.4 1.3 1.5 1.1 (0)

AME Army 0.3 0.6 0.7 0.5 0.5 0.4 0.6 (0.5)

Navy 0.4 0.4 0.4 0.6 0.4 0.6 0.5 (0.6)

Alr Force 3.3 3.3 3.4 3.3 2.7 3.8 3.3 (3.7)

EF Army 0.02 0.05 0.04 0.03 0.07 0 0 (0)

Navy 6.3 6.3 6.2 6.1 6.5 1.3 1.4 (1.6)

Air Force 1.0 1.0 1.3 1.1 1.1 1.3 0.8 (0.3)

1
IP Army 0.2 0.4 0.4 0.4 0.5 0.3 0.3 (0.4)

Navy 6.6 6.8 6.8 7.4 6.1 4.0 3.9 (3.3)

Air Force 0.7 0.7 0.7 0.7 0.7 0.7 0.6 (0)

PO' Army 0.4 0.5 0.5 0.5 0.5 0.3 0.3 (0.4)

Navy 0,8 0.8 0.9 0.9 2.0 1.7 1.7 (3.1)

Air Force 2.2 2.3 2.6 2.5 2.2 2.2 2.3 (1.9)

CM Army 3.7 3.7 3.9 3.9 3.2 3.9 3.7 (3.8)

Navy 1.7 1.7 1.7 1.9 2.7 4.4 3.4 (3.7)

Air Force 11.0 11.4 11.9 11.0 10.5 10.4 10.0 (9.2)

Opt Army 0.5 0.6 0.5 0.4 0.6 0.7 0.5 (0.6)

Navy 0.6 0.5 0.5 0.9 1.3 1.5 1.5 (1.5)

Air Force 1.9 2.0 2.0 1.9 1.9 1.6 1.5 (1.2)

Acoust Army 0 0 0.02 0.02 0 0 0.05 (0.02)

Navy 0.6 0.6 0.8 0.8 0.8 1.8 1.3 (0.3)

Air Force 0 0 0 0 0 0 0 (0)

'11(ata from the fiscal supplement 6.1, "Defense Research Sciences" only; see Critique
of the Data, Section 111.2.2 for rough estimates of the expenditures under element

6.2 "Exploratory Development." Also, only funding by the three services has been

included (see Table 111.10); see Section 111.2.2.

hAs in Table 111.9, the interfaces, earth and planetary physics and physics in biology,

are omitted.

°Subfield abbreviations used are the same as those identified in Table 111.1, foot-

note 1.

.1Totals in this row do not quite agree with Table 111.9, for the data were compiled
differently and, in particular, may reflect different assignments of long-term ex-

penditures to years.
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111.2.2.1 Miacalancous Defenae Agencl,ca in OOP

In regard to support for physics research, the most important of
the DOD agencies other than the three services has been the Ad-
vanced Research Projects Agency (ARPA). During the 1960's, ARPA
provided large-scale support for the creation and operation of
interdisciplinary materials research laboratories at some dozen
universities. The sums disbursed by ARPA for this purpose are
shown in the top line of Table 111.11.

TABLE 111.11 Support of Interdisciplinary Materials Research
Laboratories by the Advanced Research Projects Agency

Support (in millions of dollars) per Fiscal Year
Activity 1964 1965 1966 1967 1968 1969 1970 1971

Interdisciplinary
materials research
laborapriesa

16.2 17.5 17.7 16.7 1.4 9.6 5.9 4.0

Physics 10.2 11.0 11.2 10.5 0.9 6.0 3.7 2.9

a
Support provided by the Advanced Research Projects Agency of the

Department of Defense.

Rough estimates of approximate amount allocable to physics (0.63x
the support received by interdisciplinary materials research labora-
tories from the Advanced Research Projects Agency).

A sizable part of this support went for buildings and central
facilities usable by workers in several disciplines, so it is less
easy to estimate the amount allocable to physics than it is for in-
dividual-grant support. A sampling of records of 5 of the 12 lab-
oratories showed a fraction 0.30 of the participating faculty mem-
bers to be in physics or applied physics departments. However,
much physics work in the laboratories is done by faculty of other
departments (especially electrical engineering and metallurgy or
materials science). A better indication of the distribution of
effort among disciplines is provided by counts of publications.
We have examined over 600 papers from four of the laboratories and
find that about 63 percent of them can be classified as physics,
largely condensed matter but with a sizable component also in atom-
ic, molecular, and electron physics. Of the laboratories not sur-
veyed in this count, some are known to have slightly more emphasis
on physics than those surveyed, some slightly less. It seems rea-
sonable to make a rough estimate of ARPA support of physics re-
search in the interdisciplinary laboratories by multiplying the
top row of Table 111.11 by the factor 0.63; the results are shown
in the bottom row. This augmentation of the amount spent for con-
densed-matter and atomic, molecular, and electron physics by the
three services (Table 111.9) is considerable; it was relatively
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largest in the years prior to 1967, when the laboratories were in
the growing phase.

The ARPA has also spent smaller sums in other types of support
of physics research, as have several other defense agencies in ad-

dition to the three services. To obtain information on the dis-
tribution of DOD support within its subagencies, we sampled all
papers in a one-month period in all primary Journals published by

the AIP. In this sample there were 129 papers from U.S. institu-
tions acknowledging DOD support. The distribution of these among
performing institutions and supporting subagencies appears in

Table III.12. When allowance is made for the exclusions in the
present sample and for the less complete range of journals covered,

the distribution over institutions is reasonably consistent with

that in Table 111.4 and the distribution of papers among the three

services is reasonably similar to the distribution of funds dis-

played in Table 111.10. Thus it is logical to assume that, except
for the broad'institutional grants not reflected in the table and

the ARPA support of materials laboratories, DOD support of physics

research through other defense agencies has been slightly less than

one tenth of that provided by the three services listed in Table

III.10.

1I1.2.2.2 Physics Research Support under DOD's Fiscal Category 6.2

Category 6.2, Exploratory Development, involves expenditures two
to three times larger than category 6.1, Defense Research Sciences.
If even a small fraction of 6.2 is physics research by our defini-
tion, it may significantly augment the total from category 6.1,
which we have presented in Tables 111.9 and 111.10. With the co-
operation of the Air Force Office of Scientific Research, we were
able to trace the fiscal categories under which the 70 papers of
our sample reporting Air Force support were funded. (The figure)
70, is greater than the Air Force total in Table 111.12 because of
a number of cases in which multiple support was acknowledged.) The

distribution of these 70 papers is shown in Table 111.13.
If these figures can be regarded as typical, it would be reason-

able to augment the DOD totals in Tables 111.9 and 111.10 by about
20 percent to allow for the support jf physics research, as we have
defined it, through funds in category 6.2. The total augmentation
from this source and that discussed in the previous paragraph would
be about 25 percent to 30 percent.

111.2.2.3 Other NASA Support for Physics

The picture of NASA's support for physics research can vary enorm-
ously depending on where the boundaries of physics are placed.
Satellite-based lunar and space physics research, although within
the scope of the Physics Survey Committee, is often difficult to
separate from astronomical and earth-science research, and some-
times even from nonresearch activities conducted simultaneously;
in any event, it is exceedingly expensive. As these extraterres-
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TABLE 111.12 Distribution among Performing Institutions and
Sources of Support of a Sample of U.S. Papers Acknowledging
Support from the Department of Def.msea

Performing Institutions and
Sources of Support

Papers
Number Percent (N = 129)

Performing Institution

University 99 77

Industry 21 16

Government (non-DOD) laboratory 1 1

Other (including federally funded
research nod development centers)

8 6

Source of Support within DOD

Army
ARO Durham 17.5 14

Other 7.5 6

Navy

ONR
c

24 19

Other 4 3

Air Force

AFOSR
d 48 37

Other 19.5 15

Other defense agencies 8.5 7

aWhen more than one DOD subagency was acknowledged, or when two
collaborating performers each acknowledged DOD support, fractional
weights were assigned. Work at DOD-operated laboratories or other
agencies receiving DOD funds is included, as is that of all feder-
ally funded research and development centers. Support from the
Advanced Research Projects Agency is included only when specific-
ally related to the research report (not merely support of inter-
disciplinary materials research laboratories).

Army Office of Research at Durham, North Carolina.
c
Office of Naval Research.

d
Air Force Office of Scientific Research.
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TABLE 111.13 Categories under Which Support Was Granted for Work
Reported in 70 Physics Research Papers Acknowledging Funds from
the Air Force

DOD Category Number of Papers

Defense research sciences (6.1) 58

General physics, nuclear
physics, and astronomy and astrophysics
Other categories (chemistry, electronics,
etc.)

Exploratory development (6.2) 12

34

0
24

trial programs have been discussed at length elsewhere,*,t we shall
try merely to develop a rough picture of the extent of NASA fund-
ing of laboratory, theoretical, and terrestrial field work. We

shall not discuss the last of these in any detail; it will suffice
to remark that in a sampling of papers appearing in journals in the
earth sciences the content of which is largely physics, we found
the sources of support acknowledged to be distributed among a wide
variety of agencies, with DOD and NSF each acknowledged consider-
ably more often than NASA; for extraterrestrial research the pro-
portions were reversed.

Of greater concern is the distribution of support for the core
subfields of physics among the different branches of NASA. This
agency's report on its university program* providea a helpful guide,
since, according to Table 111.6, of 59.3 NASA-supported papers in
subfields other than astrophysics and relativity and earth and
planetary physics, 34.5, or 58 percent, were from universities. A
perusal of this document shows that about 94 of the 172 items clas-
sified by NASA as physics were operating under a current grant or
contract in September 1969. However, only about 79 of these were

in the core subfields of physics. Some approximate figures for the
annual rate of funding reported there appear in Table 111.14. Here,

the category "Other NASA" represents for the most part funding
through the various NASA in-house laboratories; the funds in general
came from the Office of Advanced Research and Technology or the Of-
fice of Space Science Applications but in proportions that are not
revealed in the data. The figures of Table 111.14 need to be sup-
plemented by estimates of physics work appearing in the listings
under other classifications than physics. A sampling of the list-
ings has convinced us that the amount of such university work in

*NASA's University PPogram (Office of University Affairs, NASA,

1970). Mispagination made our survey incomplete, hence our use of

the words "about" and "approximate" in the text.

tPhysics in Perspective, Vol. II, Pare B, Chapter IX.
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the physics subfields covered by Table 111.14 was rather less than
the amount given in the Table, though quite possibly over half as
great. Thus, the total FY 1970 NASA support for university work in
these subfields was doubtless in the range of $3 million to $4 mil-
lion, and probably closer tc the lower figure.

TABLE 111.14 Approximate Distribution among Subfields of Support
from the National Aeronautics and Space Administration in 1969
(FY 1970) for Physics Research a in Universities

Physics
Subfield

NASA Fundine (FY 1970) (in millions af dollar-a)
b

OART OSSA': Other NASA

Atomic, molecular,
and electron

0.27 0.19 0.19

Plasmas and fluids 0.43 0.10 0.34
Condensed-matte 0.07 0.13 0.18
Other subfields 0.15 0 0.05

TOTAL 0.92 0.32 0.76

aResearch classified by NASA as physics.

bOffice of Advanced Research and Technology.
c
Office of Space Science Applications.

dliot including earth and planetary physics, astrophysics and
relativity, and physics in biology.

A tempting procedure for estimating the amount of NASA support
through divisions other than the Office of Advanced Research and
Technology (essentially the Office of Space Science Applications)
for the core subfields represented in Table 111.14 is the follow-
ing: Combine the estimate just given for total NASA support of
work in these subfields in universities with the assumption that
the ratio of support for nonuniversity work (for example, in in-
dustry or in-house laboratories) to that for university work is
the same as the ratio of numbers of publications as given in
Table 111.6. Unfortunately, this assumption does not always seem
to be a reasonable ond: Well over half of the NASA-supported pa-
pers in this table are from universities, yet even our highest
estimate for the dollar amount of support of such work is less
than half of the amount recorded in Table 111.9 for support by the
Office of Advanced Research and Technology alone. Exanination of
particular subfields reveals that this discrepancy is not present
for atomic, molecular, and electron physics but is pronounced for
plasmas and fluids and condensed-matter, as well as for the sum
of the remaining core subfields. In general, we can wTite, using
an obvious notation for different camponents.of expenditure F,
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+ F
NASA OART Other

= Fu + F
non-U

= F (1 + 25 (1)

34.5 r)
where the first line represents the division between sources of
funding within NASA, the second line the division between perform-
ers receiving the funds, and, in the third line, the ratio 25/34.5

is the ratio of papers sampled from nonuniversity to university per-
formers in Table 111.6, and r is the ratio of cost to NASA per non-
university paper supported to cost per university paper supported.
(As in Table 111.14, we are excluding the important interfaces,
earth and planetary physics, astrophysics and relativity, and phys-

ics in biology.) Even with what would seem to be the quite extreme
assumptions Fu = $4 million, r = 3, Equation (1) still gives for

only a minor fraction of F
OART.F

Other
Since NASA does not contribute much of the support for the most

expensive types of research in elementary-particle, nuclear, and
plasma physics (although it does support some research on plasmas),
it is not unreasonable to make a rough estimate of the total amount
of NASA support for research in the core subfields from the counts
of papers in Table 111.1. Such an estimate gives, for example, a
NASA activity equal to about 39 percent of that of the NSF. This

estimate again would be consistent with augmenting the NASA figure

given in Table 111.9 by no more than about one third. Thus we be-

lieve that a minor augmentation of this order is the appropriate

one for the core subfields. The large expenditures that NASA cer-

tainly makes in physics-related fields are undoubtedly concentrated
in the astronomical and earth and planetary subfields.

Before concluding this section we should comment on the unusual-
ly wide range of numbers that one can obtain for NASA support of
research by consulting different sources. For example, the figures

reported in the NSF's Federal Funds for Research, Development, and

Other Scientific Activities show some $90 million for basic research
in elementary-particle physics, whereas one almost never encounters
an elementary-particle physics paper with an acknowledgment to NASA.

Apparently a different definition is being used. The same NSF pub-

lication reports nearly $60 million of NASA funds for basic research

in universities, and a comparable figure for applied research and
development in universities, whereas the grants and contracts listed

in NASA's University Program as active in any given year add to a

much smaller figure. Clearly, definitions of what is included are

critical in interpreting dollar figures. We believe that the fig-

ures we have developed here, although only approximate, are rea-

sonably correct for NASA's support of publishable physics research
in the core subfields.

nther Federal Agencies

According to Table 111.1, the number of physics papers citing sup-
port frt.= federal agencies other than DOD, AEC, NASA, and NSF is
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a fraction about 0.067 of the number citing support from these a-
gencies; if we restrict ourselves to the core subfields (excluding
astrophysics and relativity, physics in biology, and earth and plan-
etary physics) the fraction is 0.077. Undoubtedly, the agency re-
sponsible for most of this other government support is the National
Bureau of Standards; however, occasional support from the Depart-
ment of Health, Education and Welfare (especially in physics in
biology) and from other agencies is encountered. Table 111.15 shows
the distribution of support by the National Bureau of Standards in
FY 1970. Figures for the Office of Standard Reference Data are
separated.from the others; although for the most part this work is
not the generation of entirely new knowledge, it represents a con-
solidation of knowledge that is vital for the progress of research
effort and provides an example that other research-supporting a-
gencies would do well to emulate.

TABLE 111.15 Amounts Expended by the National Bureau of Standards
for the Support of Physics Research and Consolidation of Fesearch
Results, FY 1970

Physics
Subfield Research Units

a
OSRD Total

Astrophysics and
relativity

0 0 0

Atomic, molecular,
and electron

2.53 0.55 3.08

Elementary-particle 0.43 0.02 0.45

Nuclear 1.42 0.04 1.46

Plasmas and fluids 1.08 0 1.08

Condensed-matter 2.80 0.40 3.20

Earth and planetary 0.30 0 0.30

Physics in biology 0.05 0 0.05

Optics 0.74 0 0.74

Acoustics 0.33 0 0.33

Miscellaneous physics 0.72 0.15 0.87

TOTAL 10.39 1.16 11.55

aOffice of Standard Reference Data.

111.2.2.5 Consistency of the Funding Picture

It has become clear in the course of this discussion that.one can
get wildly different numbers for the funding of research in any
subfield of physics, depending on the definitions one uses of re-
search and of the scope of the various subfields. Our philosophy
has been to identify funding levels for research, be it basic or
applied, defined as the production of new knowledge that becomes
part of the generally accessible.public record and to delimit
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physics from other disciplines and the subfields from one another
by judgments that will be consistent with the pattern of citations
in the research literature (see Section IV.1.1). Thus one should
be able to compare the funding figures that we have developed with
the acknowledgments of research support found in a random sample
of papers in the literature, as given in Table 111.1. One does
not expect proportionality of dollars with acknowledgments: Some
subfields are much more expensive than others; some agencies con-
centrate on the support of expensive subfields or the support of
expensive facilities in these subfields; with some subfields or
agencies, support may tend to be more nearly total than in others.
But one would.like to feel that any differences in the patterns of
dollar support and acknowledgments are reasonable, with allowance
for known effects of these kinds.

Figure 111.2 shows this comparison. In regard to the distribu-
tion among agencies, shown at the top of the figure, the compari-
son is quite reasonable: The vastly larger relative dollar expen-
ditures by the AEC are understandable in view of the great expense
of the large machines used in elementary-particle and nuclear phys-
ics and to some extent also in plasma physics; these are supported
almost entirely by AEC. The same factors account for the anomalies
in the distribution over subfields, shown at the bottom of the fig-
ure.

A detailed breakdown by both agency and subfield is hardly worth
making, as the entries in Table 111.1 suffer from small-number sta-
tistics. However, examination of the entries does reveal at least
one shortcoming in the funding figures of Table 111.9: The figures
for funding of research in plasma physics and the physics of fluids
by the NSF are undoubtedly too small. Apparently a considerable
amount of work supported as engineering, mathematics, or some other
nonphysics discipline actually appears in the physics literature
as physics.

111.3 Industrial Support of Physics Research

The fairly large contribution of industrial organizations to the
support of physics research in the United States, although almost
entirely localized in their laboratories, is not easy to isolate,
because the same organizational units often perform not only re-
search but development and other activities. Therefore, we decided
to investigate this support by requesting relatively detailed in-
formation from a small but representative group of industrial lab-
oratories. As a by-product, useful data relevant to other portions
of this report were obtained; these will also be presented and
cross-referenced from the appropriate other sections.

111.3.1. RATIONALE OF THE SAMPLING APPROACH

Because we are interested in the support of research, defined as
the production of published new knowledge, we undertook first to
find out how the volume of publication in physics journals is dis-
tributed among U.S. industrial laboratories. By counting publica-
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tions in physics journals listed in the Corporate Index section ot
the 1969 Science Citation Index, we identified about 40 labora-
tories with high publication rates in physics. The leading 25 of
these are listed in Table 9.3 of Volume I of Physics in Perspec-
tive. The extent to which U.S. industrial research is concentrated
in these leading companies can be ascertained by comparing the to-
tal of their publications with the total published from all U.S.
industrial sources. One can do this crudely by comparing the total

AEC
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.

3- NASA

SF77771

I
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ACOUS

,C PA

NP

EP

0 20 40 60 80 100 120 140
DOLLARS (A)

FIGURE 111.2 Comparison of estimated dollar distribution of federal
funding with counts of physics papers acknowledging federal support.
Shaded bars are totals for FY 1969 from Table 111.9, terminated in
some cases by regions of opposite shading to take account of aug-
mentation estimates in Section 111.2.2. Open bars (arbitrary scale)
are proportional to number of acknowledgments in Table 111.1. Top:
distribution over major agencies, work in all subfields exclusive
of earth and planetary physics and physics in biology. Bottom: dis-
tribution over subfields for work funded by the four major agencies.
Note differing scales of dollars.
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of 2179 papers from the 25 companies in Table 9.3 with the total

estimated physics papers from all U.S. industrial organizations,

2900, given in Table XIV.11 of Volume II, Part B of Physics in

Perspective. The ratio of these two numbers is 0.75; however, one

might doubt the validity of this comparison, since one group of

papers represented publications in any kind of journals deemed to

be physics journals and the other represented research articles in

physics appearing in any publication covered by Physics Abstracts.

However, the ratio is remarkably close to that obtained in an inde-

pendent sampling of articles in some 16 journals in which 216 ar-

ticles from these 25 companies were found compared with a total of

293 from all industrial organizations. The ratio of these two num-

bers is 0.74. Thus it is fairly safe to conclude that a sample

drawn properly from these 25 organizations and others of only

slightly lower productivity should be adequate to characterize

physics research in U.S. industry as a whole.

A representative gample from industry should have two character-

istics: It should contain proper representation from both large

and small laboratories, and it should take into account the dif-

ferent research patterns typifying different types of industries

(electronic, aerospace, chemical, and the like). We sought detailed

information from 21 companies, fairly evenly distributed among six

types of industry shown in the tables that follow. Confidentiality

of replies was promised, and usable data were received from 18 of

the 21.
To make it as convenient as possible for our respondents to

2,ive answers that would have a relatively clearly defined meaning,

we requested data from only a single organizational subunit of

each company, generally the one with the greatest research activ-

ity in physics. For each subunit we requested the following infor-

mation:

1. Staff: total professional staff; number working as physi-

cists; physics and nonphysics doctorates; theoretical physicists.

2. Costs: total cost for all work done by the research unit;

relative cost per professional for physics and nonphysics work;

fraction of costs paid by company, government, and other sources.

3. Publications: fractions of work appearing in publications,

patents, under security classification, or for internal use only;

number of published papers in all fields; number published in AIP

journals.
4. Time trends: changes since two, five, and ten years ago in

physics manpower, cost per professional per year; expected changes

in manpower in the next two or five years.

Our respondents were asked to select the administrative subunit

on which to report in such a way that its characteristics would

typify the greater part of the physics research done by the com-

pany.

LII.3.2 RAW DATA

Table 111.16 shows the staff composition of the organizational

units sampled. The reader must be cautioned against drawing infer-
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ences about the total research staffs of the various types of in-

dustries from the data shown. Each company supplied data only for
a certain organizational subunit, so chosen that its work in phys-
ics could be considered typical of that of the company as a whole
but by no means necessarily having the same proportion of physi-
cists and nonphysicists as would obtain for those engaged in re-
search throughout the company. Caution also is necessary in regard
to other characteristics of the sample. For example, that the ra-
tio of physicists to total staff is smaller for the chemical and
metallurgical and miscellaneous manufacturing categories than for
the others may well result from the obviously lesser physics ori-
entation of the research programs of these types of companies. Be-
cause of this lessev orientation toward physics, they are less
likely to have an organizational subunit with a high proportion of
physicists.

The proportion of theoretical physicists is highest in the com-
munication and electronic data-processing, aircraft and space,
and chemical and metallurgical industries and is low elsewhere.
This circumstance undoubtedly affects the relative cost of physics
research.

The final rows of the table show a fairly consistent picture of
growth during the early 1960's, retrenchment at the end of the
1960's and anticipated modest growth in the 1970's. As might be
expected, there are substantial fluctuations from company to com-
pany within each group. Not surprisingly, the most violent fluctu-
ation has occurred in the aircraft and space companies.

Table 111.17 gives a similar presentation of data on the cost

TABLE 111.17 Funding Data from 18 Industrial Research Organiza-
tions (1970)

Types of Data
Supplied

Type of Industry
Communica-
tion and Other
Electronic Elec-
Data Proc. tronic

Optical
and Other
Instru-
mentation

Air-
craft
and
Space

Chem.
and
Metal -

lurk.
Misc.
Mfg.

Cost of work ($K)
per professional
per year

65 67 65 51 49 62

Range 51-80 53-94 60-70 35-75 50-70 45-76

Approx. physicist
cost/mean cost

1.00 1.05 1.05 1.00 0.93 0.90

Average fractional
increase in cost/
professional
Since 1960 0.60 0.56 - 0.45 0.50 0.55

Since 1965 0.18 0.23 0.30 0.27 0.35 0.23

Since 1968 0.13 0.08 0.10 0.15 0.30 -

Average fraction
of costs sup-
ported by
Own company
Government

0.98
0.02

0.85
0.15

0.44
0.56

0.28
0.72

1.00
0

1.00
0
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of research and other work performed by the units sampled. Although
there is again some fluctuation from organization to organization
within each group, the average cost of work per professional staff
member is remarkably constant among groups. Also, the cost per
staff member for work in physics is always considered as close to
the average of all work done by the organizations. The middle lines
of the table indicate a fairly steady increase in the cost of re-
search during the past decade, at a rate of about 4.5 percent per
year.

The last two rows of the table are significant, for any estimate
of the contribution from private enterprise to the support of phys-
ics research must take into account that an appreciable fraction
of the wori done in industrial laboratories is supported not by the
companies concerned but by the government. This proportion is par-
ticularly high in the instrumentation and aircraft and space cate-
gories. However, some companies in other categories operate come-
pletely federally funded research and development centers; these
are excluded from both our present sampling and the analysis that
follows.

Table 111.18 presents statistics on research publications by the
units sampled. The ratio of papers appearing in AIP journals to the
total is a rough, though by no means infallible, measure of the de-
gree of emphasis on physics in these organizations. The ratios cor-
relate generally with the fraction of staff who are physicists,
shown in Table 111.16. The chemical and metallurgical and miscel-
laneous manufacturing categories have the lowest figures. The mis-
cellaneous category also has a rather low fraction of its physics
research appearing in published form; however, this finding may be
an artifact of the choice of organizational subunits. The amount of
work eventuating in patents seems to be particularly high in the
optical and instrumentation category, and the chemical and metal-
lurgical laboratories have a substantial number of doctoral-level
staff members who publish little.

111.3.3 ANALYSIS AND INFERENCES REGARDING INDUSTRIAL FUNDING

Our procedure for estimating the amount of support contributed by
U.S. industry to research in physics will be, in essence, to find
the expenditure for such research by the organizational units of
the sample and to multiply this by the ratio of the total amount
of U.S. industrial physics research to that performed by the or-
ganizations sampled. We shall try to do this in as thorough a man-
ner as possible, taking account of possible differences in the re-
search patterns of different types of companies. We should point
out, however, that our sample is not only fairly representative of
the distribution of physics research over different types of com-
panies but even constitutes a large fraction of the total popula-
tion we wish to consider, in that the organizations sampled contri-
bute nearly one third of all the physics publications from U.S.
industrial laboratories, and the total output from the companies
in which these suborganizations reside is about two-thirds of the
national total. Consequently, our extrapolation will not have to

be by a large factor.

147



T
A
B
L
E
 
1
1
1
.
1
8

P
u
b
l
i
c
a
t
i
o
n
s
 
b
y
 
I
n
d
u
s
t
r
i
a
l
 
R
e
s
e
a
r
c
h
 
O
r
g
a
n
i
z
a
t
i
o
n
s
 
i
n
 
a
 
O
n
e
-
Y
e
a
r
 
P
e
r
i
o
d
 
(
1
9
6
9
-
1
9
7
0
)

T
y
p
e
 
o
f
 
I
n
d
u
s
t
r
y

C
o
m
m
u
n
i
c
a
-

t
i
o
n
 
a
n
d

T
y
p
e
s
 
o
f
 
D
a
t
a

E
l
e
c
t
r
o
n
i
c

O
t
h
e
r

S
u
p
p
l
i
e
d

D
a
t
a
 
P
r
o
c
.

E
l
e
c
t
r
o
n
i
c

O
p
t
i
c
a
l

o
r
 
O
t
h
e
r

I
n
s
t
r
u
-

m
e
n
t
a
t
i
o
n

A
i
r
c
r
a
f
t

a
n
d

S
p
a
c
e

C
h
e
m
.
 
a
n
d

M
e
t
a
l
l
u
r
g
.

M
i
s
c
.
 
M
f
g
.

T
o
t
a
l

U
n
i
t
s

S
a
m
p
l
e
d

N
o
.
 
o
f
 
c
o
m
p
a
n
i
e
s

4

s
a
m
p
l
e
d

4
2

3
3

2
1
8

T
o
t
a
l
 
p
a
p
e
r
s
 
p
u
b
-

7
0
5

l
i
s
h
e
d
 
b
y
 
u
n
i
t
s

s
a
m
p
l
e
d

4
2
5

3
7

1
9
5

1
5
7

2
4
0

1
7
5
9

o
s o to

N
o
.
 
o
f
 
p
a
p
e
r
s
 
i
n

2
8
8

A
I
P
 
j
o
u
r
n
a
l
s

A
v
e
r
a
g
e
 
f
r
a
c
t
i
o
n

o
f
 
p
h
y
s
i
c
s
 
w
o
r
k
 
:

1
6
1

1
9

7
1

2
2

5
3

6
1
4

P
u
b
l
i
s
h
e
d

0
.
8
9
±
0
.
0
5

0
.
7
2
±
0
.
1
3

0
.
7
0
±
0
.
1
0

0
.
8
0

0
.
6
8
±
0
.
2
8

0
.
4
2
±
0
.
3
0

=
0
.
7
5

A
p
p
e
a
r
i
n
g
 
a
s
.

0
.
0
9
±
0
.
0
6

p
a
t
e
n
t
s

0
.
2
3
±
0
.
0
5

0
.
1
3
±
0
.
0
8

0
.
0
4
±
0
.
0
3

0
.
0
2
±
0
.
0
2

0
.
0
8

-

F
o
r
 
i
n
t
e
r
n
a
l

0
.
0
2
±
0
.
0
5

o
r
 
c
l
a
s
s
i
f
i
e
d

u
s
e
 
o
n
l
y

0
.
0
5
±
0
.
0
5

0
.
1
7
±
0
.
0
2

0
.
1
6
±
0
.
0
2

0
.
3
0
±
0
.
3
0

0
.
5
0
±
0
.
3
5

-

P
u
b
l
i
c
a
t
i
o
n
s
 
p
e
r

1
.
0
0
±
0
.
6
5

0
.
8
7
±
0
.
3
0

2
.
0
0
±
1
.
2
0

1
.
1
5
±
0
.
1
0

0
.
4
1
±
0
.
1
0

0
.
9
2
±
0
.
0
8

0
.
9
1

P
h
D
 
s
t
a
f
f
 
m
e
m
b
e
r
a

a
A
v
e
r
a
g
e
s
 
w
e
i
g
h
t
i
n
g
 
e
a
c
h
 
o
r
g
a
n
i
z
a
t
i
o
n
 
p
r
o
p
o
r
t
i
o
n
a
l
l
y
 
t
o
 
i
t
s
 
s
i
z
e
.
 
N
u
m
b
e
r
s
 
a
f
t
e
r
 
±
 
a
r
e
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
s

f
o
r
 
e
a
c
h
 
g
r
o
u
p
.



Pata on Funding and Costs 1603

An essential ingredient of the extrapolation to national totals

is a knowledge of the ratio of physics research publication by the

units sampled to that from all U.S. industrial organizations. We

shall assume that this ratio is given by the ratio of numbers of

research papers in AIP journals. The entries in the third column

of Table 111.18 give the number of such papers for each category
of the organizations sampled. Respondents were instructed to in-

clude only research papers and letters, not abstracts. For compar-
ison, we have sampled all AIP -esearch journals, the more important

ones for a two-month period, others for a one-month period, and

base recorded the number of articles of which the first-named author
was attached to an industrial research organization. The resulting
figures extrapolate to a yearly total of about 1470 papers. This
figure should have a sampling probable error of the order of 5 per-

cent.
The figures in Table 111.18 require a slight correction before

they can be compared with the one just derived. In the estimated
yearly total, 1470, each paper is counted but once; each was as-
signed to the institution of the first-named author, or, equiva-
lently, each sponsoring institution was assigned a fractional
weight when there was ,ollaboration between institutions. The
figures in Table 111.18 undoubtedly have no such fractional weight-
ing for collaborative efforts. A rough sampling of papers suggests
that the correction for this effect should amount to about 10 per-
cent. Accordingly, we estimate that the fraction of the U.S. indus-

trial research effort in physics accounted for by our sample is

approximately

614
Fraction = - 0.38.

1.1 X 1470
(2)

To estimate the distribution of physics publishing activity
among the types of industrial organizations, we again made use of

the sample of AIP journals mentioned previously, developing a
general classification of each performing institution into one of

the six categories used in the preceding tables or, occasionally,

relegating it to an unclassified or unknown category. The results
appear in the first column of Table 111.19. If, for want of better
information, we assume that the few companies in the other or un-

known category resemble the weighted average of the others in such

respects as fraction of physics work supported by government and

fraction published, we can infer a set of weights with which the

six categories we sampled should be combined to give a reasonable

national average. These weights are shown in the second column of

Table 111.19; merely for comparison, we show in the penultimate

column, in parentheses, the distribution of papers in AIP journals

from the units in our sample, that is, the ratios of the third

line of Table 111.18 to the total in the final column. The general

resemblance of these to the numbers in the column showing weight

factors justifies the statement that our sample is fairly repre-

sentative of the distribution of physics research among different

types of companies.
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TABLE 111.19 Contributions of Different Types of Industries to
Physics Publication and Support of Published Research

Type of
Industry

Papers in
an AIP
Journal
Sample

Weight
Factor
Adopted

$Million Lontri-
bution to Fund-

Fraction of ing from Re-
AIP Papers in sources of Sam-
Sampled Or- pled Organize-
ganizations tions [Eq. (2)]

Communication and
electronic data
processing

104 0.37 (0.47) 16.3

Other electronic 59 0.22 (0.26) 10.9
Optical or other
instrumentation

26 0.10 (0.03) 0.6

Aircraft and
space

39 0.14 (0.12) 3.2

Chemical and met-
allurgical

33 0.12 (0.04) 2.0

Misc. manufactur-
ing

10 0.05 (0.09) 3.0

Other or unknown 22 -

TOTAL 293 1.00 (1.00) 36.0

We shall try to estimate the support of physics research from
company funds by first estimating the amount of such support for
each category of units in our sample and then combining these with
suitable weights. For a crude first approximation, one could ig-
nore the differences between different types of industries and
take the expenditure for our whole sample allocable to published
research and divide it by the ratio (2). But to get the first of
these quantities we must make allowance for all works not being
destined for publication and for support of some work from govern-
ment funds. Thus for any organization or group of organizations we
have

Ecompany expenditure allocable
=

to published physics research

= c
ph

N phf'F'ub F
own, (3)

where c h is the cost of work per physicist staff member, that is
to say, the product of the two top rows of Table 111.17, Nph is
the number of physicists , fpub is the fraction of physics work pub-
lished, and Sown is the fraction of work supported from company
funds. In writing this equation we assume that the last fraction
is about the same for physics as for other kinds of work of the
organizational units sampled. With an average of about $60,000 for
oph. 0.75 for fpub, and 0.85 for Sown, we get about $40 million
fnr the quantity -(3) for our entire sample. Dividing by the 0.38

1"!



Data on Raiding and Costs 1605

of Eq. (2) gives a roughly estimated national expenditure of
$105 million annually of industrial funds for publishable physics
research.

A more refined calculation would evaluate Eq. (2) separately
for each category I of organizations in our sample and combine
these according to the formula

national expenditure of industrial funds
E
US allocable to published physics research

E
I

= 1.1 P (AIP)
.US PI

(AM (4)

where wr is the weight factor given in Table 111.19, P.T(AIP) is
the number of AIP papers from category I (third row of Table
111.18), PUS(AIP) = 1470 is the estimate given for the number of
papers published annually in AIP journals from U.S. industrial
organizations, and the factor 1.1 is the multiple authorship cor-
rection we have already used in deriving Eq. (2). The result is
close to the rough estimate of the preceding paragraph:

E
US

= $98 million (5)

for the one-year period, mid-1969 to mid-1970. The Ey values used
in this calculation are given in the last column of Table 111.19.

111.3.4 CRITICAL COMMENTARY

There are several possibilities for systematic errors in this
estimate, though we hope that none are catastrophically large.
We have mentioned the assumption that the fraction Fowm given in
Table 111.16 is applicable to the physics portion of the work.
Another question concerns the assumption that the costs of physics
work can be estimated from the top rows of Table 111.17 and the
fraction of the staff who are identified as working as physicists.
As we shall see in Section IV.1.3, many papers whose content is
clearly physics are produced by persons who identify primarily
with some other discipline. There is a compensating effect in
that some of the work published by physicists may pertain to a
nonphysics discipline; moreover, that our questionnaire referred
to people working as physicists helps to reduce the overlap ef-
fect. The alternative assumption that the funds expended by the
organizational units sampled were distributed between physics and
nonphysics in proportion to the amounts of physics and nonphysics
publication undoubtedly greatly overestimates the expenditure on
physics. If one assumes the ratio of AIP publications to total
publications in physics as about 0.6, this approach would lead to
an expenditure on physics about half again as great as that which

we have derived. In view of the higher rate of publication in

physics than in the more applied disciplines, this discrepancy is
by no means unreasonable. Thus we believe that the value given in

151



1606 PHYSICS IN PERSPECTIVE

Eq. (5), although it may be a slight underestimate, is probably a

fairly realistic figure.
The fraction of physics costs supported from government sources

is appreciable: The weighted average of the entries in Table

111.17 is about 0.15. It is interesting to compare this ratio with

the ratio of papers from industrial performers acknowledging gov-

ernment support to those acknowledging no such support. The latter

ratio can be obtained from Tables 111.1, 111.4, 111.5, and 111.6

and is about 0.19. This amount may be a slight underestimate, for

it refers only to the three leading government agencies (that is,

leading in the support of physics research). The difference be-

tween the two figures is not unreasonable, for government support

often is only partial, and the more expensive projects are more

likely to be undertaken with such support.
Support of work in industrial laboratories from sources other

than the company or the federal government seems to be negligible.

We must reiterate that the organizations surveyed were selected

to be representative of the greater portion of physics research in

industry leading to publication; they were undoubtedly not typical

of the total employment of physicists in industry. As an example

of a difference, 72 percent of the physicists in the survey have

a PhD degree, but only 39 percent of the physicists employed by

industry have a PhD, according to the National Register. Again,

the growth of physics staff from 1960-1968 and its recession from

1968.-1971, shown for our sample by the entries in the lower rows

of Table 111.16, differ slightly from the statistics on the na-

tionwide employment of physicists in industry obtained from the

National Register*: The PhD's employed in industry, whose number

might be expected to correlate with the total staffs of the re-

search-oriented organizations, appear to have increased monotoni-

cally, according to the National Register, and more rapidly in the

last decade than the figures in Table 111.16 indicate.

Wa have searched for correlations between the answers to vari-

ous questions by the respondents in our sample. A number of cor-

relations emerge in a least-squares analysis at better than a 95

percent significance level, although their relationship to cause

and effect is not always clear:

1. The cost per professional increases appreciably with in-

creasing fraction of the professionals who are PhP's and decreases

slightly with increasing size of the organization.

2. The ratio of cost per professional for physics to that

for other work is less the higher the fraction of physicists who

are theorists; an experimental physicist seems to cost slightly

more than an average professional, a theoretical physicist only

about 70 percent as much.
3. Physicists seem to be more heavily supported by the govern-

ment than other professionals and non-PhD physicists much more so.

4. The fraction of physics research published correlates posi-

tively with both the fraction of physicists who are PhD's and the

American Science Manpower (National Science Foundation, biennial).
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fraction of government-supported research.
5. The total number of publications of an organization (in all

fields) correlates strongly with the number of PhD physicists. The

number of papers in AIP journals per PhD physicist correlates neg-

atively with the number of non-AIP physicists.

111.4 Physics Research Support from University Funds

111.4.1 INTRODUCTION

Although everyone knows that some portion of the research done in
U.S. universities is supported from the resources of the universities,
there have been only guesses as to the amount of thls support. To

obtain a quantitative estimate, the Data Panel sought the coopera-
tion of a number of university physics departments in filling out a
rather detailed questionnaire about departmental research activities.
As a by-product, some information about purely educational matters
was collected also.

Being aware of the excessive demands on university departments
for the completion of questionnaires and of the difficulty of get-
ting prompt and uniform responses to questionnaires distributed in
an-i-mpeponal way, we decided to sample only a small number of in-
stitutions in which we had close personal contacts. This procedure
led immediately to the problem of taking adequate account of the
diversity of types of universities. Probably the most important
difference is between the major research institutions and those in
which research is less prominent, either in volume or intensity.
We distributed our sample over three ranges of size and, within
each size range, over two levels of distinction, measured by the
often-cited "Cartter ratings."* The following six groupings re-

sulted.

1. A, Faculty size L' 50, or among the top ten universities in
volume of physics publication, Cartter rating "distinguished" or
"strong."

2. B, Faculty size > 50, Cartter rating not "distinguished" or
"strong."

3. C, Faculty size between 30 and 50, Cartter rating "good" or
above, not in group A.

4. D, Faculty size between 30 and 50, Cartter rating below
"Good."

5. E, Paculty size 30 or below, Cartter rating given.
6. F, Faculty size below 30, no Cartter rating given.

Non-PhD-granting institutions were not sampled, because studies of
publication patterns (see Figure 111.11) have shown that these
account for no more than a few percent of research publication in

*
Cartter, A. An Assessment of Quality in Graduate Education.

Washington% D.C.: American Council on Education, 1966.
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physics (although, curiously, for a somewhat higher fraction of

abstracts in the Bulletin of the American Physical Society). We

requested completiqn of questionnaires from two institutions of

each of the six types, except A, B, and D, from which we sought

four, one, and one, respectively, Eight of the 12 were returned.

The composition of the sample was as follows: A, 3; B, 1; C, 1;

D, 0; E, 2; and F, 1.
The design of the questionnaire reflected our desire to ask for

information that would be reasonably easily and unambiguously avail-

able in most departmental records and, at the same time, relevant to

our concerns. Although we consulted several present or past chairmen

of physics departments before crystallizing it, the questionnaire

finally adopted achieved these goals only imperfectly. The philos-

ophy was to divide support of research into three categories: first,

faculty time (including overhead); second, equipment, nonfaculty

staff, and miscellaneous items; and third, space. Although a few

institutions keep records of the distribution of faculty time among

different kinds of activities, such as teaching and research, most

do not; therefore we requested information only on number of faculty

at each rank taking part in research, class-contact hours for them,

and amount of their time for which outside support was received.

By combining these data with information on time actually spent in

research from two or three institutions, we hoped to get plausible

estimates fur the others. University support for equipment and non-

faculty staff we hoped to estimate by ascertaining the difference

in total costs for these purposes and support received; unfortunately,

incompleteness and ambiguity in the data rendered these sources of

information highly questionable. In regard to space, we requested

information on the amount of space used for research and on the

fraction of building construction costs that came from university

funds. Questions also were included on number of publications,

changes in costs in the last two years, numbers of graduate and

undergraduate students, and instructional effort devoted to non-

science majors, teachers, and others.
The responses were of variable quality, as analyses in subsequent

sections will show.

111.4.2 RAW DATA

Table 111.20 shows the principal data received from the eight re-

sponding physics departments, totaled for the different subfields

of physics. The data are not complete; in a few cases appropriate

entries have been estimated from other sources and these are identi-

fied in the footnotes to the table.

Table 111.21 presents the data by subfield and summed over the

responding universities. The reader should note that some data are

for all eight universities, some for seven, some for only four.

111.4.3 CORRELATIONS IN THE DATA

The contribution of universities to the support of research, our

major concern, comes in large part from support of the time faculty

members devote to research. Our first task was to estimate this
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time. Since the productive output for which universities are sup-

ported consists almost entirely of research and teaching (with a

broad interpretation of both), one should count as time devoted to

research not only time spent in the direct performance of research

but also an appropriate fraction of time spent on departmental admin-

istration, service to the scientific community, and like activities.

Unfortunately, most university departments keep no records of how

their faculties distribute their time among teaching, research, ad-

ministration, and other activities. However, in the course of pre-

paring our questionnaire, we learned of a few universities that

keep such records and decided to estimate faculty time allocable to

TABLE 111.20 Characteristics of Physics Research at Selected
Universities

Type of Institution and Institution Number (in parentheses)

Types of Data Collected A (1) A (2) A (3) B (4) C (5) E (6) E (7) F (8)

Cartter ratinga D S S G G A G -

Faculty in research
b

97 38 77 50.2 37.7 24 22 16.6

Nonfaculty staff° ? ? 100 12 10.5 4 13 3.7

Average class-contact
tawk per faculty
in research

6.0' 5.4e 2.93 2.55 2.64 5.75 2.60 5.18

Publications in year f 71 846 117 108 54h 40 31 41

No. of publications
without outside support

t
Support from outside

(in $ millions)

1

- 2.57 5.20

1

2.64

-

-

0 -

0.76

-

Man-months faculty time
supported from outside

525 88 251 156 164 60 47.5 13.5

Sq ft used for research./
(in thousands)

138.5 46.2 116.3 67.0 60.0 12.3 63.0 16.1

Fraction of plant cost
from outside

0.14 0.25 0.05 0.35 0 0.375 0

No. undergrad. majors 366 217 60 226 82 90 22 168

No. graduate students 274 171 165 190 123 90 72 72

Fraction of teaching for 0.05 0.2- 0.15 0.23 0.35 0.15 0.20

nonscience majorsk 0.4

Overhead factorl 0.54 0.47m 0.45 0.57 0.46 '0.70" 0.36 0.49

aD distinguished; S strong; G good; A adequate plus.

.1)Defined as ranks professor through instructor; research associates, etc. excluded. "In re-

search" refers to those with any current research activity, a category comprising from 68 to

88 percent of the total faculty for the instit.itions sampled.

Temporary and permanent PhD-level staff in residence and active in research, not already
counted in the line above. Some respondents seem to have misunderstood this question.
d
Probably not correct--exactly the same for every rank and subfield.

ePerhaps with a slightly different definition from that for the other institutions.

fResearch papers and letters.

gApproximate number from the Source Index of the Science Citation Index.
h
Prom number of papere on which a department member was an author divided by average number of

authors for U.S. physics papers.

iNonfederal funds were 0.001 of total.

jUsually net (assignable space), rather than gross.

kUsually measured in terms of student credit hours.
z
Not including employee benefits (of the order of 0.15 of salaries).

mOn-campus work only.

"Obtained by subtracting estimated benefits from a total presumably including these.
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research for all universities by combining detailed data for these

few universities with data on teaching loads from all, the expecta-

tion being that it would be possible to establish a plausible in-
verse correlation of time spent on research with teaching loads.

Our success in this endeavor wag only partial, as the university
having the most- detailed in(ormation did not return our question-

naire.
Let us consider frst the extent to which teaching loads appear

to be correlated with other factors of interest. Figure 111.3
shows the sort of plot we would like to construct, depicting the
fraction of faculty time allocable to research effort as a function
of the average number of class-contact hours per week per faculty
member. The two points plotted represent time spent in actual per-
formance of reseal..ch, as es.imated for faculty of universities 5
(rough estimate only) and 8 of Table 111.20. Because a certain
fraction of administrative and other time is really allocable to

1.0

0.8

0.6

0.4

0.2

4 6 8 10

AVERAGE CLASS CONTACT HOURS PER WEEK

FIGURE 111.3 Correlation of fraction of faculty time spent on
research with average class-contact hours per week. Both figures
represent averages over all parts of the year during which the
faculty numbers in question were on campus. The shaded region, to
be reproduced in Figure 111.4, represents the range within which
we believe that the average relation is fairly sure to lie.

1 5 7
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research, these points provide rough lower limits for time spent on

research. Common sense and general experience also provide some

guides to how the curve should be drawn. For example, it is gen-

erally conceded that approximately 12 contact hours per week research

simply disappear. On the other hand, low numbers of class-contact

hours of course imply high concentration on research but do not

mean that essentially all faculty time is allocable to research (as

it could be in a noneducational research institution), for some will

be devoted to administrative problems concerning graduate students

and to nonclass educational activities for them. From data on such

activities provided by one institution, we estimate that the extrap-

olation of the curve to the vertical axis should not have an ordi-

nate higher than about 0.8. Combining these considerations with the

ywo points shown, we have estimated rough upper and lower bounds

for the fraction of time allocable to research, as shown by the

two straight lines in the figure. The proper curve would undoubt-

edly not be a straight line, but we have not attempted to introduce

this refinement into the bounds.
What is important, of course, is the difference between this

time allocable to research and the amount of faculty time supported

by funds from outside sources. In Figure 111.4, faculty time sup-

ported by outside funds is plotted against class-contact hours for

the seven universities for which reliable teaching data were avail-

able. Reproduced on the same plot are the upper and lower bounds

to total time allocable to research, which were drawn in Figure

111.3. The uncertainty in the difference--the university-supported
time--is considerable and will be reflected in the estimates made

in Section 111.4.4.
In connection with the plots in Figures 111.3 and 111.4, it is

interesting to see to what extent teaching loads are correlated

with other variables. One might expect, for example, that there
would be a significant inverse correlation with number of publica-
tions per faculty member. Such a finding was not true of our

sample, as Figure 111.5 shows. A plot of publications per PhD staff
member in research (faculty plus nonfaculty) shows no correlation;
one is tempted to conclude that at institutions with a less favor-

able climate for research the staff members choose probleme that
will require less expenditure of time to produce a publication.

Another factor could be that some of these institutions have a
higher ratio of graduate students to faculty than the institutions

with lower teaching loads. The relevance of this factor is shown

by Figure 111.6, which depicts a positive correlation of publica-

tion rate with the ratio of graduate students to faculty.
The Cartter rating seems to correlate significantly with a

number of variables. These include teaching loads (Figure 111.7),
publication rate (Figure 111.8), and per capita costs and funding

(Figure 111.9).
Figure 111.10 shows the distribution of what might be called the

intensity of support among different subfields. The upper part of
the figure, which is more meaningful than the lower because it is
based on data from all eight institutions, shows the variation among
subfields in the fraction of time of faculty members active in
research that was supported from sources outside the university.
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GRADUATE STUDENTS PER FACULTY IN RESEARCH

5

FIGURE III.6 Correlation of publications per year per staff member
(faculty or nonfaculty PhD level) in research with number of grad-
uate students per faculty member in researcft. Points for univer-
sities 3 to 8 of Table 111.20.

This amount might be regarded as a measure of the intensity with

which research in the various subfields is pursued, plus the ease

of getting support. The lower part of the figure, based on data
from only four universities, shows the distribution in amount of

dollar support per staff member (faculty and nonfaculty). This dis-

tribution presumably depends on both the intensity with which re-
search is pursued and the costliness of research in different sub-

fields. Because of the rather large statistical fluctuations in
the data, items other than those represented by bars of reasonable

length (proportional to number of faculty or staff members, respec-
tively, involved in the average) should be viewed with caution.
Nuclear; atomic, molecular, and electron; and elementary-particle
physics rank high in time supported, but nuclear physics is much

higher than these other two subfields in dollars per person, pre-

sumably because most of the elementary-particle physicists in uni-

versities are theorists and because experimental work in atomic,

molecular, and electron physics is less expensive. Physics in

biology ranks especially low in both parts of the figure.
Outside support from sources other than the federal government

was negligible in our sample, amounting to about $12,300 for the

four universities giving full support data, compared with a total.

support of $11.2 million. This number, however, is based on only

two projects.' and it appears low in comparison with an earlier

analysis of sources of research support cited in journal articles,*

which showed 14.5 acknowledgments of nongovernment, nonuniversity

support compared with 558.5 acknowledgments of government support.

*
Performed by Panel member R.. W. Keyes, 12/22/70.

Phys2cs Manpower 1969. New York, N.Y.: American Institute of
Physics, 1969 (pp. 26, 47).
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As indicated in Table 111.20, the ratio of undergraduate majors

to graduate students varied among the institutions sampled from 0.3

to 2.3, with an overall average of about one. Although our sample

included only PhD-granting institutions, this ratio is almost rh-

same as the ratio of national.totals of undergraduate majors a :

graduate students in physics.T
Table 111.20 also shows that approximately one fifth of the

teaching effort (in student hours) in the departments sampled is
directed toward students whose major fields are or will be other
than science or engineering. A small fraction of the undergraduates
who do not go on to graduate work, and a majority of the graduate
students, is destined sooner or later to become teachers; however,
only a few of the institutions sampled devoted any specific teaching
effort in the physics departments to instructing graduate students
in the art of teaching.

Estimates of the change, in the past two years, in university
funds explicitly expended for research varied from department to
department, from a decrease of 10 percent (contraction of department)
to an increase of 20 percent. A rough weighted average of all in-

stitutions would yield an increase of about 7 percent.

1.62
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111.4.4 ESTIMATES OF THE AMOUNT OF RESEARCH SUPPORT CONTRIBUTED BY
THE UNIVERSITIES

In attempting to draw conclusions about all physiLs research in U.S.
academic institutions on the basis of our sample, we must consider
first how representative it is and what fraction of U.S. academic
physics it represents. In regard to representativeness, Figure
111.11 compares the relative volume of published material in the

0.5

0.4

0.3

0.2

0.1

SIZE LARGE
PRESTIGE HIGHER LOWER

MEDIUM SMALL
MGHER LOWER HMHER LOWER

FIGURE 1.11.11 Distribution of physics research papers over dif-
ferent types of U.S. academic institutions. The categories A to F
are those described in Section 111.4.1. The broad bars show the
fraction of U.S. academic papers in the 1967 Physical Peview orig-
inating from each of these six types of institutions and from non-
PhD-granting institutions. The narrow bars show the distribution
of total publications over the eight departments of our sample.

six categories of our sample with the relative volume from each of
these categories in the 1967 Physical Review. A seventh category,
non-PhD institutions, is included in the Physical Review data for
completeness. Our sample is about right for the small institutions
taken together (E and F, tha non-PhD category being negligible), is
a little high lor the large institutions (A and B), and is defi-
cient in the medium-sized institutions (C and D). However, its
composition is fairly representative, and any errors resulting from
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its distribution are probably much less than other uncertainties In

the estimates that we will develop.
Because the data from institution L were deficient or unreason-

obit! in several respects and our sample was slightly overweighted
in Category A, we shaft make our estimates of university funding
on the basis of the other seven Institutions, assuming them to con-
stitute a properly distributed sample of all institutions. There

are at least three possible measures for the size of this sample:
One can compare the sample with all. U.S. academic institutions in
regard to voLume of publication, number of graduate students, or
uumber of doctoral. degrees granted. Thu results of such compari-
sons appear in Table 111.22. With due regard for the caveats in

TABLE t11.22 Approzhhite Range of Support (in millions of dollars)
of Physics Research by U.S. Academic Institutions through Loaded
Faculty Salaries in the Academic Year 1968-1969

Fraction ot Academic
Work Assumed Sampled

Fraction of Faculty Research Time
University Supported

Range Mean

0.156 - 0.357 0.257

0.058 L2.6 - 28.8 28.8

0.0685 (mean 14.8 - 34.0 24.4

0.079 17.1 - 39.2 28.1

the figures for the upper extreme of the ranges indicated, we shall
assume that the seven institutions account for a fraction of the
support of physics research by U.S. academic sources amounting to
between $0.058 million and $0.079 million in academic year 1968-1969.

Consider first the support contributed through the time that
faculty members devote to research. If we take the distance of
each point in Figure I[I.4 below the upper and lower boundaries,
respectively, of the shaded region, weight by the number of faculty
members involved, and average for the seven institutions, we obtain
a fraction oE faculty time allocable to research and supported by
universities in the range 0.156 to 0.357. The corresponding esti-
mates of university-supported faculty man-years of research are
41.4 and 97.7, respectively. With a mean overhead factor for
these universities of about 0.5 (see Table 111.20) and a mean 12-
month salary of about $16,000, we estimate this university con-
tribution at about $24,000 per man-_year; thus, the effective cua-
tribution oE these seven universities through support of faculty
time was, according to our estimates, in the range $993,000 to

$2.272 million. Combining these bounds with the estimates given in
the preceding paragraph, we obtain the estimates shown in Table
111.22 for that part of the contribution of U.S. universities to
the support of physics research in 1969 associated with their
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support of loaded faculty salaries. Thus we estimate this contribu-
tion at about $24 million, with an accuracy that should be within a
factor of 2 in either direction.

The second of the categories of support mentioned in the Intro-
duction, equipment and non faculty staff, is much less amenable to
quantitative assessment but seems Likely to constitute an amount
considerably smaller than the other two categories, space and fac-
ulty time. Our original hope had been to estimate this quantity by
finding the difference between the figures provided for (a) non-
salary cost of research and outside support received and (b) that
part allocable to faculty-salary support. Unfortunately, not all
the departments supplied these figures, and some of those that did
misinterprete.: the question, with the result that the quantities
to be subtracted were not comparable. A more promising approach is
to look at a sample of papers in the literature (see Section 111.1)
and note the frequency and characteristics of papers ori6ivating in
universities and not acknowledging support from nonuniversity
sources. In the sample studied, about 24 percent of the article
originating in universities appeared to have only university support.
This figure is higher than that suggested by the sketchy data in
Table 111.20 and also higher than that found in a more recent study
of a.smaLler sample; tberefore, it may have included a number of
.papers with outside support that the authors failed to acknowledge.
Ln this more recent sample, we found that the names of the authors
of papers without outside support were more often those of faculty
members than was true of the supported papers, and there was a pre-
dominance of theoretical over experimental papers. Although the
nonf .ulty authors are osiona1ly senior research associates and
the like, probably the w:t: majority of them is graduate students
or postdoctorals, these categories being represented in comparable
numbers. A rough estimate of the mean salary of these authors
would b.:. about $6000 per year. Overhead for them should be less
than for Zaculty members (for example, smaller offices) but not as
much less as the bare salaries; we shall assume a mean value of
$5000 per year. If we assume that the average paper without outside
support requires an amount of nonfaculty time of the order of two
thirds the amount of faculty time involved in the average of all
papers, we have

(total nonfaculty time
without outside support)

3(total faculty time
x = 0.16.

[supported or not])

(university support through
nonfacultv time) 11

(university outside
0.16 x

94 = 0.073.
support through faculty
time)

(6)

(7)

This amount is much smaller than our earlier estimate , f the frac-

tion of faculty research time that is university supported (0.83 to

0.59). Probably some of the nonfaculty time spent on projects that

1 6 5
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have outside support is not fully covered by this support; however,
all indications are that the university-supported portion of such
time is much less than for faculty members, and as the loaded salary
rate is less than half that for faculty members, we cannot escape
the conclusion that this category of university support is much
smaller than that provided through faculty time.

There is some further evidence, although sketchy, that supports
this conclusion. For example, about 0.18 of the beyond-second-year
graduate student population is supported by teaching assistantships.0
These are probably the main source of university support of such
students. The number of graduate students past the second year is
about half the total number* or almost twice the number of faculty
active in research (Table 111.20). If the research involvement of
graduate students with teaching fellowships is assumed to be some-
what less intense than that of other students at the same level, say,
about equal to that of faculty members, one gets an estimate for
the graduate student part of the left of Eq. (6) of the order of
twice the value given there. This amount is not large, as the
salary factor for these students will be smaller than is assume'2
in Eq. (7). Yet another source of information is the data.on PhD-
level nonfaculty staff provided by our sample. About 0:17 of this
staff time was university supported, of which no more than 0.01 was
attributable to classroom teaching. Thus the contribution of this
doctoral-level staff to the left of Eq. (6) would be only 0.16 times
the ratio of time spent on research by these staff members to that
spent by fa,.ulty, a number doubtless considerably less than 1 (see
Table III.20).

We consider last the resources contributed by universities in

support of research through plant construction. To develop an esti-

mate one muct decide on a way of converting capital investment in

the past into equkalent current expenditure. Suppose a building

that would cost C"" dollars to reproduce today was constructed at

time At in the past, costing C dollars at that time. We shall

assume

(0) -cEAt
C = C e . (8)

If these C dollars had remained in the university's endowment, with

the income spent each year, the income foregone each year would be

where for a reasonably conservative investment policy 13 = 0.04.

For a large number of institutions i we therefore have

-aAt
Income foregone = B <e > EC(0)

'

. (9)

where the angular brackets imply an average over all the Ati's,

weighted in proportion to their Ci(0)es, in other words, with each

yearly unit of At having a weight proportiond to the dollar value

of construction in that year. This we assume to be given by

''Physics Mdnpower 1969, New York: N.Y.: American Institute of

Physics, 1969 (p. 49).
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weight ae-yAt

Combining Eqs. (9) and (10) we get

(

Income foregone = 11-- EC.(°)
y+a 2

(10)

A further intangible but economically real factor should probably
be added: The money invested in a building is not liquid and its
unrivailability hampers the economic freedom of the institution. We
shall rather arbitrarily assume that this effect can be taken into
account by adding about 0.01 to the 13 in Eqs.(1) and (11) ; this is
roughly equivalent to a policy of amortizing the investment over
about one century. The value of a can reasonably be taken from the
average increase in construction costs over the past 15 years,
namely, a = 0.04 per year. Gamma can be estimated either by sub-
tracting a from the average rate of increase of funds for physics
in the United States, which, from Figure X.3 of Volume I of
Physics in Perspective, was approximately 0.13 per year, or, alter-
natively, can be set roughly equal to the rate of growth of PhD-
level manpower in U.S. universities, which, from Table XII.9 of the
same volume, has been about 0.10. Averaging these two estimates
and taking our sample of seven universities as representative of
between 0.058 and 0.079 of the U.S. academic enterprise, we get

Effective contribution of U.S. academic
institutions to the support of physics
research, through building construction

- 0.05 m 0.095 $75 X 310,700
0.135 0.058 to 0.079

= $10.4 million to $14.1 million (12)

for the academic year 1968-1969. We have used a value $75 for
the cost per square foot of assignable space, about 1.5 times the
cost per square foot of growth space; the figure, 310,700 square
feet, is just the sum of the products of square feet by fraction
of cost from university funds, using the entries in Table 111.20.

To summarize our calculations, we estimate that the total con-
tribution to physics research from U.S. university funds in the
academic year 1968-1969 was probably a little more than $40 million,
over half of it through support of faculty time and most of the
rest through plant construction. This estimate could easily be too
small or too large by a sizable fraction of its value.
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111.5 Growth in Costs of Research in Physics

The cost of research in physics, measured, for example, by dollars
per professional man-year, has been steadily rising. It is g-eneral-
ly accepted that this increase is compounded in comparable amounts
from the general decrease in purchasing power of the dollar and a
sophistication factor resulting from the increasing complexity of
equipment required to expand research into new and ever more dif-
ficult areas. Comments on this sophistication factor appear occa-
sionally in the reports of the subfield panels, for example, in
Figure XI.1 of Volume II, Part B, of Physics in Perspective (costs
of nuclear magnetic resonance equipment) or in the tables of Chap-
ter II of Volume II, Part A (listing characteristics of accelera-
tors throughout the world). Our contribution to this subject will
be minor, consisting merely of an analysis of some figures issued
by the AEC* and some estimates of cost escalation obtained in our
survey of industrial funding (Section 111.3).

The AEC's Statistical Summary series* annually reports dollar
expenditures, scientific man-years of effort, and other statistics
pertaining to various parts of their physical research program.
For each of the years, 1960-1970, we have compared the reported
cost for various categories of AEC work with the reported number
of scientific man-years, a figure that apparently includes facul-
ty and other types of professional employees but not graduate stu-
dents, even though they may be paid. We have computed these ratios
for the categories, high-energy physics, low-energy physics, and
metallurgy and materials. Metallurgy and materials consists large-
ly, though by no means entirely, of research in physics of con-
densed-matter.

The principal results obtained from the AEC data are presented
in the two top curves of Figure 111.12. Here, the cost in thou-
sands of dollars per scientific man-year is plotted against year.
The AEC Statistical Summaries report expenditures in federally
funded research centers of the AEC and in the AEC contract program
or universities separately. The figures used here for universities
represent the total program expenditure not just the AEC contribu-
tion. The dashed line in each part of the figure, drawn at arbi-
trary height, shows the behavior of the general price index for
federal government purchases of goods and services. At the bottom
1)f the figure analogous data on changes in cost per man-year for
research in physics, obtained from the Survey of Industrial Labor-
atories (Section 111.3), are shown.

Although the trends in the AEC data are partially obscured by
large apparently random fluctuations, the steady increase in dol-
lars per man-year on the average is evident. The straight lines,
which were fitted to the logarithm of the dollar expenditure per
man-year by the method of least-squares, have slopes of 3.0 percent
per year for work in universities and 6.1 percent per year for the
federally funded research and development centers. The fluctua-

A Statistical Summary of the Physical Research Program (U.S.
Atomic Energy Commission, annual).
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tory surveyed in Table 111.17.

tions appear to consist mainly of some kind of budgetary artifact.

For example, the low cost in the federally funded research and de-

velopment centers in 1966 results almost entirely from reports from

both the Cambridge Electron Accelerator and the Princeton-Pennsyl-

vania Accelerator of 200 more man-years of effort in 1966 than in
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1965 or 1967, without any comparable nnomaly in the reported Lotal
funding. In general, most flscutationF in tLe cost per man-year in
the figure represent fluctuations in man-years of effort reported
rather than in dollar expenditures fn.. the Physical Research Pro-
gram.

If the various subfields are separated, the flucutations are,
of course, even more pronounced, Least-squares fits to the data
give the result r.own in Table 111.23. One must be cautious in
interpzeting tnee numbers, however. First, they are E.ubject to
changes in definitions; what is recorded as nuclear physics was
known as nuclear structure physics earlier in the decade, became
low-energy physics in 1963, and was further affected by the intro-
duction of a 1.udget line for mt7dium-energy physics in 1966. In
1966, many of the funds of low-energy physics were apparently al-
located to the medium-energy program without any comparable change
in manpower, leading to a rather large anomaly in the cost per
man-year in nuclear physics in universities from 1965 to 1966.

The penultimate row of Table 111.23 gives the average rate of
increase in cost per man-year reported by our sample of industrial
laboratories (Section 111.3).

All the figures, even including those from the industrial sur-
vey, may be somewhat too low to reflect adequately the Soph:f.stica-
tion factor, in that all groups undoubtedly suffered a certain
amount of so called "belt tightening" during the late 1960's.

TABLE 111.23 Rates of Increase (percent per year) in Cost per
Scientific Man-year in Different Parts of the Atomic Energy Com-
mission Research Program in Physics (FY 1960-1970) and in U.S.
Industrial Laboratories

AEC Category and Location of Work
Industry FFRDC" University Industry

AEC Program Category
High energy
Low energy
Metallurgy and
materials
Total of above

AEC average
Industrial laboratories
Price index

8.1 0.8
3.0 -0.2
6.4 4.4

5.8 2.9

3.8

2.9
4.7

a
Federally funded research and development center
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IV

DATA ON
THE

LITERATURE
OF PHYSICS

IV.1 Production and Distribution

IV.1.1 PROBLEMS OF DISCIPLINE AND SUBFIELD CLASSIFICATION:
OVERLAPS

In Section 11.1.1 we discussed the problems of determining who is
and is not a physicist and assigning physicists to the various
subfield panels of the Physics Survey. Similar problems arise
in the enumeration and classification of physics publications.
In "Dissemination and Use of the Information of Physics,"* for
example, tables and figures showed the relative proportions of
the physics literature in different subfields, countries, and
types of institutions. Construction of these tables required an-
swering, for each paper sampled, two questions: first, "Is it
physics?" and if the answer was affirmative then, "To which sub-
field should it be assigned?" More important, an intelligent un-
derstanding of the structure and dynamics of the physics enter-
prise requires a knowledge of the extent to which one subfield
overlaps another and the extent to which research in physics over-
laps activities In related disciplines such as chemistry, engi-
neering, ,.nd eart.1 sciences. Answers to these questions usually
have to ble based cn subjective judgments. However, careful subjec-
tive judrommts c.0 be much better than sloppy ones, and there are

Physics in Perspective, Volume II, Part B, Chapter XIV; condensed

version in Volume I, Chapter 13.
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objective methods of getting the answers that, though moderately
laborious and not necessarily unique, are by no means impossibfe
to use and, without excessive labor, can provide at least spdf-
checks on the correctness of subjective judgments.

There are a variety of measures of the relatedness of different
parts of the scientific literature that, though subjective in that
they depend on the judgments of individuals, are objective, in the
sense in which the term is used here, in that they constltute a
statistical verdict of the entire scientific community. These mea-
sures are based on citations of one paper by another. Suppose that
two groups of papers, i and j, have been selected in any manner.
As a measure of the relatedness of i to j we may take any of the
following:

1. The fraction of the references in papers of group i that are
to papers of group j, averaged with the fraction of j's references
that are to papers of i;

2. The fraction of the references of i that are also references
of j, averaged with the fraction of j's references that are shared
by i (the concept* of bibliographic coupling);

3. The number of papers in all areas that contain cltations to
both a paper of i and one of j (the cocitation concept1).

Suppose that the universe of scientific literature we wish to con-
sider has been divided into a number of groups i, j, ..., and sup-
pose for simplicity that each of these groups contains the same
number of papers. .(This is to avoid having a large group appear es-
pecially close to the others simply because of its size.) Then by
using any of the three criteria-most simply the first one-one can
defilletherelatednessofinjbyammber.with the proper-cs
ties

1 > C.. = C.. > 0,

Ec.. = 1.so

(1)

(2)

We would like to be able to interpret these numbers geometrical-
ly by assigning to each group i a point in a space of some dimen-
sionality and so placing these points that cij is a universal de-
creasing function of the distance of point i from point j. Al-
though this, of course, can be done only approximately in any small
number of dimensions, there are mathematical procedures for locat-
ing the points in a space of any assumed dimenspnality in such a
way as to give the best possible approximatiop.J For our purpose
it will suffice to consider a simpler problem, that of assigning

*
Kessler, M.M. American Documentation, 14, 10 (1963): 16, 223
(1965); Price, D. J. de S. Science, 149, 510 (1965).

tSmall, H. Journal of the American Society for Information Science,
in press.

§Kruskal, J. B. Psychometrika, 29, 1 (1964).
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positions to a number of borderline groups i, relative to other

groups k whose positions are taken as given. The simplest such

case would be, for example, one in which one locates the groups

i on a one-dimensional scale between, say, pure physics (assigned

coordinate xi< = 0) and pure chemistry (assigned coordinate

xez = 1). Almost as simple would be the assignment of positions

in a triple overlap area, say, that of atomic physics, condensed

matter, and optics, with each of these subfields assigned to one

corner of an equilateral triangle in a two-dimensional space. In

assigning positions to groups i in the overlap region, we would

like to make the assignment self-consistent in the sense that the

position allotted to any given i would be a weighted average of

the positions allotted to other areas with which it is connected,

with weights cij. In other words, we would like to get a solution

of the equations
' +

r r. p
9P Eqa ck, (3)

a

where p and q now run only over groups in the overlap region, and

runs over all the groups whose coordinates we have agreed to fix

in advance. For the physics-chemistry case, for example, this

would mean that all areas a considered to be unquestionably physics

are assigned Ra = 0, and all those considered to be unquestionably

chemistry are assigned fib = 1. In matrix form the solution to Eq.

(3) can be written

r = (1 - c') c Rs (4)

and the solution is unique as long as the matrix (1 - c') is non-

singular. Now the series

1 - c' = 1 - c" - c".2 - (5)

converges if the matrix c' is bounded with a bound less than unity.

And since Eq. (2) is equivalent toa9P
qa

a
(6)

a slight generalization of a familiar argument* shows that c is

indeed so bounded unless there exist groups q, which are not con-
nected to any of the given groups a by any chain of citation con-
nections. Barring this possibility then, we can say that any
given group q is, for example x percent chemistry and (1 )

percent physics, or that it is x percent atomic physics, y per-

cent condensed-matter physics, and (1 -x - y) percent optics.

*
Courant, R., an? lalbert, Aiethods of Mathematical Physics

(Interscience, rck, 1953), Vol. I, p. 19.
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Although the groups i that. we have been talking about may be
composed by any procedure that selects a reasonably coherent group
of papers-for example, they might be composed by using the finest
subdivisions of the Physics Abstracts subject classification
scheme-it is interesting to note that an algorithm for computer
generation of clUsters of closely related papers, based on the
statistics of citations, has been developed and is rather effec-
tive*.

As an example of what can be done with this approach, consider
the question: Should work on quantum fluids be considered in the
province of the Panel on Plasma Physics and Physics of Fluids or
should it be grouped with solid-state physics in the province of
the Panel on Physics of Condensed-Matter? A sampling of citations
in a number of theoretical and experimental papers on quantum flu-
ids in Physical Review Letters and Physical Review A gave the fol-
lowing distribution for the cited papers:

Quantum fluids 72

Other physics of fluids 2

Solid-state physics 19

Instrumentation 1

The Intuitive judgment of the panelists that quantum fluids should
be grouped with condensed-matter is confirmed.

A number of spot checks of this sort were made to verify the
reasonableness of the assignment of papers by panelists to various
disciplines and subfields or to an overlap area. These checks
generally confirmed the intuitive assignments, although occasional-
ly they showed the assignment to be wrong.

Some rough indications of the extent of the overlap among the
different subfields, the ambiguity in the definition of the bound-
aries between physics and neighboring disciplines, and the un-
certainties in each of these two measures can be obtained from the
results of classification of papers in two samples drawn'from
Physics Abstracts by a member of the panel. These are presented
in Tables IV.1 and IV.2, respectively. For the sample of Table
IV.1, a restricted definition of overlap areas and an inclusive
definition of physics were used: A physics paper was not assigned
to an overlap area between two subfields unless it was really dif-
ficult to decide to which it should be given; similarly, papers
were considered as physics unless they belonged fairly indisput-
ably to some other discipline. For the sample in Table IV.2, in
contrast, a liberal definition of overlap and a fair definition of
the boundaries of physics were used: A paper was assigned to an
overlap area of bdo or more physics subfields whenever a reasonable
case could be made for its belonging in each of them; a paper was
considered as physics only if its relation to the rest of physics
was judged to be closer than its relation to the more central

*Price, N., and S. Schiminovich, Information Storage and Retriev-
al, 4, 271 (1968); Schiminovich, S. Ibid., 6, 417 (1971).
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areas of some other discipline such as chemistry or engineering.
The study depicted in Table IV.2 was done before the panel decided
to separate optics and acoustics from the miscellaneous category,
thus these are grouped together.

Although most of the subfields show more overlap in Table IV.2
than in Table IV.1, as one would expect, a few do not, and this
finding must be attributed to statistical fluctuations. From the
rwo tables together it is evident that the subfields that are most
nearly self-contained are elementary-particle physics, nuclear
physics, probably astrophysics and relativity, and condensed-mat-
ter. For the first three this finding is undoubtedly the result of
their being so specialized; for condensed-matter, it is probably
due to the vast size of the subfield. Optics and acoustics appear
to have large overlaps with other subfields, as does earth and
planetary physics also. Atomic, molecular, and electron physics
and plasma physics and physics of fluids have moderately high
overlap. Among the core subfields, condensed-matter has the larg-
est absolute overlap into other disciplines simply because of its
large size, but percentagewise the overlap of atomic, molecular,
and electron physics into other disciplines (principally chemistry)
is greater. The data on overlap into nonphysics disciplines are
much less meaningful, of course, for the peripheral subfields of
physics, since their coverage in Physics Abstracts is often incom-
plete. (This situation is especially true for physics in biology.)

A different type of measure of the overlap of physics with other
disciplines can be obtained from the professional self-identifica-
tion of the authors of physics papers. As we shall see in Section
IV.1.3, about half of the authors of papers covered by Physics
Abstracts identify primarily with a nonphysics discipline even
though, according to Table IV.2, 87 percent of the papers so
covered probably lie on the physics side of a fair boundary.

IV.1.2 SAMPLING OF ABSTRACT JOURNALS

Our objectives in sampling entries in abstract journals were to
get information about

1. The distribution of physics publications among subfields;
2. The geographic distribution of total publication and of

work in each subfield;
3. The degree of correlation between the country or region in

which work is done and the country or region in which it is pub-
lished;

4. Changes in time in some of these quantities;
5. The distribution of U.S. work in the various subfields

among different types of performing institutions;
6. Any differences between theoretical and experimental papers

in regard to the previous five categories. (We classified papers
as theoretical when they did not contain any, new experimental re-
sults or report the testing ef new experimental techniques.)

To achieve most of these objectives one needs to know the loca-
tion of the performing institution and, for U.S. papers, its iden-
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titY. In Physics Abstracts this information became available only

in 1969, so our sampling from this source (our most extensive

sampling project) was confined to this one year. Nuclear Science

Abstracts has recorded the performing institution for a number of

years; therefore, we studied small samples from this source for

both 1964 and 1969.
The principal results from our sampling study of 1969 issues

of Physics Abstracts have been given previously* and will not be

repeated. We shall merely recapitulate the ground rules for the

study and add a couple of supplementary tables. Two physicists (R.

W. Keyes, C. Herring) performed the sampling, one looking at all

entries in 13 of the 26 issues for 1969 with numbers ending in 5,

the other looking at all entries in 16 of the issues with numbers

ending in 0. Entries not in the category "published research papers"

were discarded. Published research papers were defined as presenta-

tions of new research results in articles or letters in periodicals

or books available on the open market; this definition excluded

theses and reports available only from a research institution,

agency, or clearinghouse, also patents, reviews, popularizations,

and abstracts of talks unaccompanied by a text. Each paper not so

discarded was classified into one of the ten subfields of physics

corresponding to the panels of the Physics Survey or into a miscel-

laneous physics category or (in rare cases) as outside physics.

These judgments were made subjectively by each sampler but accord-

ing to the guidelines described in Section IV.1.1. Each paper was

assigned to a country of origin according to the location of the

first-named institution in the by-line, except when the institu-

tion was operated by an international organization, then the

assignment "international" was used. Papers for which no institu-

tion was named were distributed statistically among performing

regions by noting the location of the publisher of the paper and

using the correlation found for other papers (or ocCasionally by

direct sampling of journals) between region of publication and

region of performance. For papers from U.S. institutions, the

institutions were further classified as academic, industrial,

government in-house laboratories, federally funded research and

development centers (i.e., national laboratories), or other.

Table IV.3 obtained from the Keyes half of the sample, shows

how publications reporting work performed at various types of U.S.

institutions were distributed among journals and books published

in different locations. Journals of the AIP are listed separately

from other U.S. publications. The AIP journals reCeive about 54

percent of the U.S. work, a fraction that is fairly constant among

all types of institutions. Note, however, that the definition of

physics used in this sampling was the inclusive one employed in

developing Table IV.1; if the fair definition used in Table IV.2

had been used, the AIP percentage undoubtedly would be moderately

higher.

*PhysIcs In Perspective, Vol. II, Part B, Tables XIV.9, XIV.10, and

XIV.11 and Figures XIV.31 and XIV.32.
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TABLE IV.3 Place of Publication of Physics Papers from Different
Types of U.S. Institutionsa

Performing
Institution

Total
Papers

Publication in
b

Other U.S.
AIP Publica-
Journal tions

Foceigu Publications

U.K.

Continental
W. Europe

Academic 386 206 86 29 65

Industrial 146 80 40 14 12

Govt. (in-house)
laboratory

61 27 16 4 14

Federally funded
research and
development
center

67 40 10 2 15

Other 13 8 1 1 3

T(YTAL 673 361 153 50 109

PERCENT 100 54 23 7 16

aDlta from sample drawn from Physics Abstracts in 1969.
'Articles published in Eastern Europe, Japan, and other t,:'gion:.;
are omitted from this table; according to Table XIV.9 of
Volume II, Part B of Physics in Peropective, these constitut-4
only about 2 percent of the total number of physics papers.

TABLE IV.4 Distribution of Physics Ressarch
ferent Ty) .s of Performing Institutions

Papers Among Dif-

Performing
Institution

Total
Papers

Subfieldsb
AME &
P&F

EP &
NP CM

Opt, Acoustic,
Misc E&P

Academic 389 82 76 135 42 50

Industrial 148 17 4 96 22 9

Govt. laboratory
DOD 24 2 2 11 4 4

NASA 13 1 1 2 2 7

Other 26 8 4 6 2 6

Federally funded
research and de-
velopment center

AEC 64 9 18 28 7 2

Other 6 0 0 1 1 4

Other 15 3 2 5 2 2

TOTAL 694 122 107 284 82 84

a Subfield abbreviations used are the same as those identified in

Table IV.1, footnote a.
bAstrophysics and relativity and physics in biology are excluded
from the subfield breakdown hilt included in the total.
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Table IV.4, also based on the Keyes sample, gives the distribu-

tion of U.S. papers among different tnes of U.S. performing insti-

tutions in somewhat more detail than w:As given previously.* De-:

spite small-number statistics, suolt trends as the emphasis of

NASA laboratories on earth and plo.nttay physics and that of non

laboratories on condensed-matter are evident.
Table IV.5, based on the sampling of Nuclear Science Abstracts,

shows the geographical distribution of nuclear physics work in

1964 compared with 1969. The last column shows, for comparison, the

distribution obtained from the 1969 sampling of P:v.sics Abstracts.

This comparison gives a clue to the relArive cove.-ge of the two
abstracting services. In all tables sort, sampling fluctpa-

tions are probably rather larger tiv. ,ne uld infer from the NI

rule, since the papers are not rece: o -andom but in groups

corresp,,nding to issues of journals .ss. Conferences have an

especially serious effect, since a large conference, even if inter-
national, held in country A results in a large burst of papers from
A's delegation. This effect may partially, though by no means en-
tirely, explain the spectacular shift in relative positions of
Fr4nce Ind West Germany between 1964 and 1969.

A cl-,tic of Nuclear Science Abstracts against Reftrativnyi

nurnaT, Ft:ail:a for 1965 and 1969 indicated that Nuclear Science
Abstracts misses few Soviet papers that satisfy the criteria that
we have used for inclusion, probably only a few percent. It seems,

however, that Nuclear Science AbstracLs misses many more of the
papers in the other countries of Eastern Europe, possibly about

one third. (Many of the relevant journals are not even on the list

scanned by Nuclear Science Abstracts.) Coverage of Japanese-
language material in Nuclear Science Abstracts appears to be good.

IV.1.3 THE WORLD'S POPULATION OF PUBLISHING PHYSICISTS

IV.1.3.1 Goals

Although there are many sources of information about people who
might be called physicists-for example, the files of the National
Register, membership lists of scientific societies, and data on

recipients of degrees-it is widely recognized that a large propor-
tion of these people dc not engage in research, at least if this

activity is defined aa acrk leading to publication in the archival
research literature. It would be interesting to know how many

people there are who engage in this activity, how they are distri-

buted among the major nations, and something about their produc-'
tivity. For example, how are they distributed in regard to the

frequency with which they publish? How extensively is collabora-
tion involved in their publication? How do these characteristics

vary with geographic area?
Although a number of pertinent statistics about publications in

physics have been collected by the Data Panel and others and are

PhysIcs In Perspective, Volume II, Part B, Table XIV.11 and Figure

XIV.32.
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summarized in other volumes of Physics in Perspective,* such
counts of papers do not answer all the questions posed in the pre-
ceding paragraph. They show, for example, that the United States
curren tly publishes about one third of the physics research papers
covered by Physics Abstracts but leave unanswered the question
whether the United States might have more than one third of the
publishing physicists who are less productive than average of less
than one third who are more productive.

IV.1.3.2 Methodology

The study we report was made on the papers in Physics Abstracts
for the five years 1965-1969. Its geographic bias thus reflects
that of Physics Abstracts, .rid we have not attempted to correct
for this. Our sample consisted of all names in the following five
intervals of the alphabet:

Bacchi to Backhurst (inclusive)
Edelman to Edmonds (inclusive)
Kini to Kinzly (inclusive)
Ovsyuk to Ozawa (inclusive)
Vasudevan to Vavilov (inclusive)

All names in any of the 1965-1969 author indexes that were in any
of these intervals were recceded, and the total number of papers
referenced for each such name was tabulated.

Each name was then assigned to a nation or geographic region.
To make this assignment, a variety of measures had to be employed.
Fortunately, many of the names could be found in the publications
Who Is aiblishirg in Science and International Directory of Re-
search and Development Scientists, issued by the Institute for
Scientific Information. Names for which no address was located in
these publications were checked against the membership directory
of the APS, or the author's institution as recorded in Physics
Abstracts (1969 only)% Physikalische Berichte, or the title page
of the original paper. By these and (occasionally) other means,
national identification was achieved for essentially all names in
the sample.

From these data we tabulated the number of authors in the al-
phabetical intervals sampled who had written one, two, or any num-
ber, s, of papers in the given five-year period and the number of
these in each country or region. The relative numbers from the
different countries will not, of course, be highly reliable, for
it couid well have happened that, for example, the alphabetical
intervals chosen provided an underrepresentation of Russian
names or an overrepresentation of those of some other nationality.
However, as fairly reliable data are already availablet on the
national and regional distribution of total papers published, it
is sufficient if the present study merely supplies reasonably re-

Volume II, Part B, Chapter XIV; condensed version in Volume I,
Chapter 13.
-I-Physics in Perspective, Volume II, Part B, Tables XIV.10a and
XIV.10b.
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liable data on how prolific the authors of different nations are.
Such data are presumably not sensitive to alphabetical selection,
though they are subject to limitations resulting from the small
size of the sample.

A much more serious worry in regard to the interpretation of
the data is the question of how many of the authors should be
designated physicist. Not only dues Physics Abstzacts cover a
moderate amount of material that is closer to chemistry, engineer-
ing, geology, or some other science than to physics, but many
people who consider their primary professional affiliation to be
with one of these other disciplines occasionaLly write papprs that
are well within the scope of physics. A sampling of physics papers
for a period of years will reveal many authors who do not consider
themselves physicists. To provide a rough estimate of this effect,
the U.S. authors in our sample were checked against the listi1 4f!s
in American Men ofScience. The professional identification of
the authors listed in this publication was recorded. Many of the
authors in our sample were not so listed, but it is reasonable to
suppose that the distribution of their professional identifica-
tions would not be greatly different from that of the others.

IV.1.3.3 Raw Results

Table IV.6 shows the distribution of authors in regard to number

TABLE IV.6 Distribution of Authors in the Alphabetical Intervals
Sampled, by Geographical Location and Number of Papers Contributed
to the Listings of Physics Abstructs in 1965-1969

Country
or
Region

No. of Authors Whose Aames Papers Fraction

Auth- Appeared on per Total of Papers Frac-
ors 1 2 3-4 25 papers Author Papers Sampled tiona

United 138 56 27 27 28 3.03 418 0.36 0.34
States

United 55 27 7 10 11 2.82 155 0.13 0.08

Kingdom
Other W. 68 34 11 12 11 2.71 184 0.16 0.19
Europe

U.S.S.R. 35 20 1 9 5 3.94 138 0.12 0.19
Other E. 9 4 1 2 2 3.4 31 0.03 0.01
Europe

Japan 36 10 6 9 11 4.75 171 0.15 0.06

Other 7 3 1 2 1 2.1 15 0.01 0.05
Asia
Other 12 8 1 1 2 2.8 34 0.02 0.06

World
total

360 162 55 79 71 3.19 1147 1.00 1.00

arrom Physics in Perspective, Volume II, Part B, Tables XIV.10a
and XIV.10b.
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TABLE W.7 Professional SelfIdentification of U.S. Authors in
the Physics Ahstlucts Sample

Discipl:ae
or Group of
Disciplines Designations Useda

Physics Physics (9) ; nuclear
physics (4); solidstate
physics (3); physics,
mathematics (2); physics,
biophysics (2); theoret
ical physics (2); 6
other combinations con
taining the word physics

Fields difficult Electrical engineering,
to assign solidstate physics;

applied mathematics,
continuum mechanics;
mechanics, metrology;
physiological optics;
vision

Astronomy Astronomy (2); astron
omy, astrophysics;
theoretical astrophysics

Chemistry Physical chemistry (6);
physical and inorganic
chemistry; chemistry;
agricultural chemistry

Metallurgy, etc. Physical metallurgy
(2); ceramics; ceramics,
metallurgy; physical
metallurgy, electron
microscopy; materials
science, metallurgy

Biology Zoology; biochemistry;
anatomy

Total, all
disciplines

No. of
Authors

Papers by
These
Authors

28 101

4 25

4 25

9 37

6 18

3 4

63 227

aThe word, or words between semicolons are those used by an author
to describe his field in American Men of Science. If more than
one author used the same words. Cle number of such authors is in
dicated in parentheses.
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of papers published during the five-year interval and geographic
areas in which they were based. It also compares the geographic
distribution of the papers with that in the more comprehensive
literature sample. Our sample undercountS"papers from the U.S.S R.
and overcounts those from the United Kingdom; the numbers from
other regions are in reasonable agreement.

Table IV.7 shows the distribution of profess:.)nal identifica-
tions of those U.S. authors who could be located in Alerican Men
of Science. Note that at least half of the aathors identify with
a discipline outside physics, although these authors, as might be
expected, contribute a slightly smaller fraction of the total pa-
pers.

IV.1.3.4 Discwsion and Analysis

Our goal was to find out how many people are engaged in the re-
search enterprise of physics. Unfortunately, this population is
far from stationary in time. New people are continually enteting
and many leave. It has often been said, in fact, that many authors
publish only one paper during their lifetime, for example, a thesis.
We would Like if possible to sepafate these authors from those with
a continuing commitment-not necessarily lifelong-to research activ-
ity. A plausible though far from unique way of making such a sepa-
ration is suggested by the semilogarithmic plot in Figure IV.1.
Here, the points representing number of authors associated with s
or more papers in our five-year sample lie reasonably well on a
straight line for s >2, but the point for s =.1 lies well above
the line. Now there is a simple model that would predict a straight
line for such a plot, namely, one that assumes that each author
published at randon._.tires with an average rate r papers per year
and that the distribution of authors per unit range of r is expo-
nential:

n(r)dr = ve-ardr . (7)

Indeed, according to the Poisson distribution, the fraction of
authors of productivity r who publish s papers in At years is

e [rt]
s

fraction
s:

Combining Eqs. (7) and (8) we get for the number of authors pub-
s papers in At years

(8)

At
s

No) =
s!

Jo

-ar -rAt
ve e -

vAts

+ At)
s+1

and the number publishing 8 or more papers is

00

( At yE N(,-) a a + At
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E3

NUMBER OF AUTHORS IN SAMPLE,
PUBLISHING 5 OR MORE PAPERS IN 5 YEARS

(A A CA 01 -4 a) 40
0 0 0 0 0 0 0 0

i

1

;

//
///

o

-

FIGURE IV.1 Semllogarithmic plot of cumulative totals from the

last line of Table IV.I, showing the excessive number of one-paper

authors.

The form (7) that we have assumed for n(f) is rather arbitrary and

doubtless less accurate than one more like Locka's law*

17(s-)

m s
-2 for At equal to a lifetime

or its generalizations, but it is clear :hat the large value for

Price, D. J. de S. Little Science, Big Science. New York, N.Y.:

Columbia University Press, 1963, pp. 42 et seq.
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8 = 1 must come from a peak in n(r) as very low r. So we shall
undertake to analyze our data under the crude assumption that there
are simply two populations of authors, those who publish once and
those who publish continuously, the continuously publishing groups
having a distribution of the form (7) for their rates of publica-
tion.

Accordingly, we shall undertake to fit the data of Table IV.6
by assuming that for any particular geographic region the number
of authors attached to s papers in our sample is given by Eq. (9)

for s 2, but that for s = 1 it is the sum of Eq. (9) and a term
cAt. Table IV.8 shows the results obtained by fitting the three
parameters v, a, and C to the total number of authors, the number
with two or more papers, and the number with five or more. The
paramenters so obtained can be used to predict the number asso-
ciated with either three or four papers, and this number can be
compared with the observed number as a check on the model, as we
.5. In the table.

Comparing the top line of the table with the bottom one, we see
that the number of transients, or one-paper authors, appearing in
the five-year period is only a fraction of the population esti-
mated to be active in research. The active population figure, of
course, includes an allowance for those authors who are considered
to be in research but who, through chance or their possession of a
low publication rate, do not happen to have published any papers
during the five-year period sampled. (This allowance factor is ob-
vious, for the entries in the last column of the table are larger
than the author entries in Table IV.6.) If one wishes to exclude
such low publishers from the total considered to be part of the
research community, one can compute a new total from the same
model by emoloying a lower cutoff in the integration on r.

The totals for limited sections of the alphabet must still be
converted into totals for the whole alphabet, and, less trivially,
the distribution of authors between those who would be designated
physicists and those who would be associated primarily with some
other scientific or engineering discipline must be estimated. The
conversion to the entire alphabet can be made in either of two

TABLE IV.8 Fit of World and U.S. Data of Table IV.6 to the
Three-Parameter Model Described in Section IV.1.3.3

Parameters and
Associated Quantities World Data U.S. Data

5 = number of transients
v

a, years
N(3) + N(4), predicted
N(3) + N(4), observed
Number permanently in
research = v/a

82.1 20.6
792 362.8

2.04 2.16
70 29

72 27

388 16o
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ways: We can compare the number of columns of the author index

sampled with the total size of this index, or we can compare the

number of papers associated with names in the sample with the to-

tal number of papers in Physics Abstracts. The second approach is

less straightforward, for one must allow for multiple authorship

of papers. Thus LE N authors publish P papers in a given interval,

with an average of 7 authors per paper and an average of 1-7 papers

associated with each author, we have

PiT? = 17-13 . (11)

We can get N for, say, a given volume of Physics Abstracts, from

the number P of papers in it, an estimate of p from Table IV.6,
and an estimate of m from some other source. With the estimate
m = 2.06, obtained from a rather limited sample of articles,* and

with 15 = 2.52 from Table IV.6, we get, for the entire five-year

period, a total of about 138,000 authors publishing one or more
papers. The uncertainties entering into this estimate are such

that it is only to be regarded as a rough check on the estimate

obtained from the size of the fraction of the author index that

was sampled, which was 0.00280 of the alphabet. Dividing this num-

ber into the total of 360 authors in Table IV.6 yields a value of

127,500 for the number of authors contributing items to Physics

Abstracts in this five-year period. The agreement between the two
figures being reasonable, we shall perform all further calcula-
tions using the assumption that 0.00280 of the entire population

has been sampled.
The most plausible way t. make the division between physicists

and nonphysicists is simpl/ to add to the total of authors in the

physics row of Table IV.7 one half of the total for the next row
and to consider the other half of this row and all the remaining

rows as nonphysicists. This procedure gives 32/63 as the physicist.

component of the sample. One might wonder whether the fraction de-

termined in this way to be physicists would depend un the number
of papers published, but in the data from which Table IV.7 was
prepared such dependence seems to be slight. 01 final estimates

of the number of persons identifying themselves as physicists and

with a continuing actpity in physics research, as of the average
th.e 1967, are obtairied by multiplying the figures in the last

row of Table IV.8 by 32/63 (0.00280):

Number in the world = 70,400;
Number in the United States = 30,500.

These numbers are, of course, quite crude, as the discussion

of their derivation makes clear. Still, it is impress±ve that

they are so large. For example, the U.S. figure may be compared

with the total of 32,500 physicists in the 1968 National Register,

a figure one might expect to contain many nonpublishing people,

or with the unduplicated meT1iershi0 of all member societies of the

AIF, 42,700 in 1967, a number that doubtless not only contains

*
Physlcs sn Perspective, Volume II, Part B, Chapter XIV, Sectior
4.5.
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many nonpublishing people but also many who identify primarily

with another discipline.
One other feature, evident in Table IV.6, should be noted: The

average number of papers associated witil a given author is much

higher in Japan (4.75) than for the world as a whole (3.19). Al-

though the Japanese sample was fairly small (36 authors), the

difference is nearly two and one half standard deviations and

could well be significant.

IV.1.4 PHYSICS THESES

To provide information about physics theses to the Physics Survey

Committee, the Data Panel examined all the abstracts in the phys-

ics section of Dissertation Abstracts* from January through June

1970. The theses represent degrees awarded in 1969. Each thesis was

classified according to physics subfield, whether it was experimen-

tal or theoretical, and size of the PhD program of the university.

The size classification was based on the list of PhD-awarding.,

institutions appearing in the March 1969 issue of Physics Today.'

Any institution listed as awarding 20 or fewer PhD's in the five-

year period, 1962-1967, was regarded as having a small program;

those awarding more than 20 PhD's in that period were classified

as large programs. P.'!ysics Todzy lists 137 PhD-awarding institu-

tions, and 67 of these are small programs, so that 20 is about a

median size for that time interval. About 10 percent of the PhD's

were awarded by the small programs, according to the list in

Physif Tochy.
The following limitations on data from Dissertation Abstracts

must be noted:

1. Not all PhD-granting institutions send their theses to
Dissertation Abstracts. Four of the large programs and nine of

the small ones, which were responsible for 11.5 percent of the

PhD degrees reported by Physics Toay are not covered by Disserta-

tion Abstracts. Furthermore, not all participating institutions

send all their theses to Dissertation Abstracts.
2. Classification by subject field is made by the author

of the thesis; therefore, it is not certain that all theses

listed under physics represent work performed for a degree in

physics.
The total number of theses in the sample was 597, which can be

compared with about 1400 PhD's in physics awarded in 1969. Thus,

total numbers per year can be estimated by multiplying the numbers

in the sample by 2.34. Since the sample is for half a year, we as-

sumed that about 85 percent of all physics theses appear in Disser-

tation Abstracts.
The results are summarized in Table IV.9. The first two columns

give the number of theses in the sample by subfield and size of

* Dissertatton ALstructs internationcti,, periodical publication of

University Microfilms, Ann Arbor, Michigan.
t Physics Today, 22(3), 46 (March 1969).
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LV.9 Production of Physics Theses in 1969

Theses Ln
Sample Percentage Percentage Percentage

Sub- Large Small Est. NRC of all Theoreti- Small Univ.

field
a

Univ. Univ. Totalb Total 0 Physics(%) cal(%) (%)

A&R 5 3 19 - 1.3 100 38

AME 37 17 127 127 9 39 31

EP 64 16 188 220 15 55 20

NP 80 16 225 188 16 28 17

P&F 29 1 70 85 5 67 3

P 22 1 54 6. 4 61 -

F 7 0 16 24 1.2 86 -

CM 189 57 577 360 41 22 23

66!' 23 10 77 6 39 30

PA 2 0 5 - 0.3 - -

Opt 15 2 40 16 3 6 12

Acoust 9 1 23 11 2 50 10

Misc, 15 6 49 304 4 67 29

general

TOTAL 468 129 1400 - - 35 22

aSubfield abbreviations used are the same as those identified in
Table IV.1, footnote a.
bObtained by multiplying the sum of the numbers in the preceiing
two columns by 2.34
°Doctorate Recipients fh,7 U.S. Universities 1969.

PhD program. The third column gives the estimated total number of
theses in each subfield, obtained by multiplying the sum of the
first two columns by 2.34. The fourth column compares these num-
bers with those obtained from Doctorate Recipients frow Un.z.:ted
States Universities 1969,* for those subfields for which there is
a roughly equi 'alent NRC category. Many theses that belong in a
subfield apparently appear in the general and other categories of
Doctorate Recipients. The fifth column lists the percent of theses
in each subfield according to the sample. The numbers are obtained
by dividing column 3 by 1400. The sixth column gives the percentage
of theoretical theses, defined as those that contain no new experi-
mental information. The differences among subfields are not unex-
pected. The final column lists the percentage of theses from uni-
versities with small PhD programs.

To investigate changes in the distribution or number of theses
with time, the Data Panel also surveyed the abstracts of physics
theses in the January through June issues of Dissertation Abstracts
for 1966. These abstracts refer to theses awarded in 1965. The num-
bers appear in Table IV.10, which is similar to Table IV.9. Com-

*Doctorate Recipients fry 77 United States Universities, annual

publication of the National Research Council, Washington, D.C.

190



TABLE IV.10

a on thte Literature of Phyviva 1645

Production of Physics Theses in 1965

Theses in
Sample Percentage Percentage Percentage

Est. NRC of all Theoreti- Small Univ.

Total
b
Total

a Physics(Z) cal(%) (%)

Sub- Large Small
field

a
Univ. Univ.

A&R 8 0 18 1.8 62
d

0

AME 32 10 96 111 9 36 24

EP 65 2 153 180 15 63 3

NP 88 3 208 158 20 30 3

P&F 25 1 60 - 6 58 4

P 22 1 53 5 _ _

F 3 0 7 32 0.6 - -

CM 146 19 378 299 36 23 12

E&P 26 6 73 - 7 31 19

PB 3 1 9 - 0.9 0 -

Opt A 1 11 13 1.1 20 -

Acoust 0 0 0 7 0 -

Misc, 16
general

1 39 122 4 75

TOTAL 413 44 1045 - - 34 9

aSubfield abbreviations used are the same as those identified in
Table IV.1, footnote
hObtained by multiplying the sum of the numbers in the preceding
two columns by 2.29.
cpoctorate Recipients Prim U.S. Universities 1958-1966.
arwo experimental studies of gravity and one cosmic-ray experiment
were classified as astruphysics and relativity.

parison of the two tables shows a growth in the number of theses
in all subfields. Significant changes in the distribution are dif-
ficult to find, although the decrease of the fraction of theses in
nuclear physics and the increase in the fraction in condensed-mat-
ter are perhaps meaningful. The fraction of theoretical theses al-
so did not change. The most striking difference is the increase in
the proportion of PhD's awarded by institutions that were classi-
fied as small on the basis of the 1962-1967 listing. In 1965, these
institutions awarded 9 percent of the PhD's included in the Disserl-
tation Abstracts sample, consistent with the number of such pro-
grams obtained from the Physics Today list, 10 percent. By 1969,
these same institutions awarded 22 percent of the PhD's. In fact,
according to these samples, 57 percent of the increase in PhD pro-

duction from 1965-1969 is in the small institutions (201 of 355).
A slight distortion of the comparison results from an increase in
the coverage of Dissertation Abstracts between 1965 and 1969, which
included two of the large institutions awarding 82 PhD's in the
1962-1967 period and nine additional small programs responsivle for
22 PhD's.
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TABLE IV.I1 Distribution of Citations In Journals of the insti-

tute of Electrical and Electronics Engineers

Percentage of

Total citations Citations to Physics Cita-

Journal to Physics U.S. Physics tions to U.S.

'eel.' Citations .Journals Percent Journals Journals(Z)

1965 13,763 3015 22 2437 81

19,9 1,643 293 18 210 72

i':34 1,567 331 21 110 33

IV.1.5 PHYSICS CITATIONS IN THE ENGINEERING LITERATURE

Several surveys of sources of citations to the journal literature

in publications of the Institute of Electrical and Electronics

Engineers (IEEE) (formerly the American Institute of Electrical

Engineers and the Institute of Radio Engineers) have been made.*

The substantial number of citations to the physics literature in-

dicate continuing dependence of electrical and electronics engin-

eering on physics, Idt,le IV.II show!, the distribution of citations.

The category, 1v5ics lournals, includes the following: all

journals publish, by the AI?, Soviet Physics JETP, Proceedings of

th,2 Phyoical Journal of the Physica! Society of Japan

Journal of P;,,, of Solids, Canadian Journal of

Physics, Proc, the Royal Society, Journal of Mathematics

and Physics, ft fiir Physik, Anna/en der Physik, Japanese

Journal of 'op .ysics, Physica, Philosophical MagaZine, and
Helvetica 1.,';41.oq ,eta, Of course, there are other physics journals,

but others do not apllear in the list of journals cited. A more dif-

ficult proulem pertain,1 to interdisciplinary journals such as
Nature. Undoubtedly, a certain amount of physics is represented in

citations Lire, but, as r'iere is no way to measure this

amount, ,hey a. not counted in the citations to physics journals.

,
physics journals have accounted for about 20 per-

cent of L. - journal citations in the electrical engineering literd-

ture for many years. The ratio persisted through the rapid expan-

sion of the IEEE publication program during the 1950's.

The other striking feature of the table is the steady growth

of the fraction of citations to journals published in the United

States. The same trend would certainly emerge in counts of physics

publications, but it is interesting and perhaps more significant

to see it confirmed by a study of the use of the literature.

Coile, R.C. IEEE Transactions on English Writing and SPeech.

EWS-12, 71 .(1969); Proceedings of the Institute of Radio Engineers,

38, 1380 (1950); Journal of Documentation (London), 8, 209 (1952);

Dalzisl, C. F. Electrical Engineering, 57, 110 (1938); Library

Quarterly, 7, 354 (1937).
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PV.2 Use and Usefulness

Numerous small sampling and observational studies of the use of
the literature of physics were made during the course of the Phy-
5ics Survey and have been reported, together with earlier studies
by others, in Chapter XIV of Volume IL, Part 8, of Physics in
Perapectfve. The purpose of this section is to add a small post-
script to what was written then by describing one further study
that was not then sufficiently advanced to discuss. Even now, only
sketchy results are available, so the methodology may be of more
value than the results.

The study was designed to find out how well the typical active
research physicist succeeds in maintaining awareness of work pub-
lished in other countries that has an important bearing on his
own interests. This question is basic to many decisions on informa-
tion services: Elaborate schemes to imprlve current awareness are
hardly worthwhile, for example, if physicists are already in touch
with all the information they are interested in trying to assimi-
late. The key words in the question we hoped to answer are "impor-
tant bearing on ;:is own interests." Although one might argue that
many physicists do not know what is important to their own interests,
one is usually on rather shaky ground in trying to overrule the
judgment of the persons whose interests are involved. Consequently,
the best way to set up a study of this'question would seem to be
to base it on value judgments of the individuals concerned, which
was the approach adopted in our study.

A physicist, whose own interests led him to scan a rather wide
range of literature on condensed-matter, selected numbers of ar-
ticles from those he encountered in browsing through non-U.S. pub-
licationsarticles that he considered likely to appeal to the in-
terests of some 30 of his colleagues. From time to time he pro-
vided each of these colleagues with a one-paragraph resume of those
aspects of a paper likely to interest him and the bibliographic
reference. Such distributions were made only after at least six
months had elapsed from the time the article became available in
the library but less than 18 months after this time. The colleague
would examine the material arid answer two types of questions about
it, as shown on the form reproduced in Figure 1V.2. The questions
of II enabled the returns to be analyzed in such a way as to make
the results almost independent of the quality of the initial selec-
tion of articles: Only returns on which 11.1 or 11.2 were checked
were counted. There were no failures to respond.

Some typical preliminary results appear in Table 1V.12. The
numbers are so small that sampling errors could be substantial,
but they suggest that about half of the non-U.S. literature items
that U.S. physicists would e interested in taking time to examine
may fail to come to their attention within the first year after
their appearance. The loss entailed is considerably mitigated, how-
ever, by the general redundancy of the literature: In many cases
similar results or ideas are put forward by several investigators.

The study was so designed that figures could be separately tabu-
lated for experimentalists and theorists and for articles in foreign
languages. Further studies of this sort would be of substantial in-

terest.
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I. Previous familiarity with the item. (Check one.)

I. I had previously seen enough of this

item to evaluate its degree of inter-

est for me.

2. I had heard of this Item, but had not

evaluated Its interest.

3. I had not heard of this item, but was

already aware of results equivalent
to those quoted in the communication

on it.

4. I had not heard of this item, and was

not aware of the reiults quoted in the

communication on it.

11. Interest in this item. By checking one of

the three alternatives below, please indi-

cate whether this item was of low, medium

or high interest to you, the boundaries be-

ing defined by whether it was of greater or

lesser interest to you than (a) median of

all articles of which you read at least the

abstract, or (b) the median of all articles

of which you read nearly 'all of the text.

1. Interest of this < median of ab-

stracts.

2. Median of read abstracts <interest

of this < median of read articles.

3. Interest of this > median of read

articles.

FIGURE IV.2 Evaluation form for physicists queried about journal

articles.
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TABLE IV.12 Familiarity of a Sample of Physicists with Results
of Interest to Them Published in Non-U.S. Journals and Available
for at Least Six Monthsb

Degree of Interest°
At Least as High as
Median of Abstracts Higher than Median
Read (Categories of Articles Read

Degree of Famiiiarity 11.2 4. 113) (Category 11.3)

Seen or heard of: 12 4

Evaluated. (Cate- 11 3

gory I.1)
Not eva1Uated 1 1

(Category 1.2)
Not heard of: 12 4

Aware of ;imilar 6 1

results (Category
3)

Not aware of re- 6 3

sult (Category 4)

aRespondents were theoreticians in nine cases, experimentalists in
15.

bEntries are numbers of cases.
cIn addition to the 24 cases tabulated, there were six discarded
replies checking item 11.1.

19 5



V

INDEX

OF
DATA

This chapter is devoted to a crude hut, it is hoped, usable index

to socioeconomic data contained in all the volumes of Physics in

Perspective, including the present one. (Data of a purely scien-

tific rather than socioeconomic nature are not included in this
index, although they occur frequently in the earlier volumes. Dia-

grams that are schematic, rather than quantitative, are also omitted.)

The organization of the index is based on the categories of inde-
pendent and dependent variables that we described in Section 1.2.1.

Each table or figure has been classified, first, according to the

nature of the quantity tabulated or plotted as ordinate and, second,

according to the variable or variables on which its functional de-

pendence is shown. Using the terms "dependent variable" and "inde-
pendent variable" for these two categorieg, respectively, we shall

arrange the index according to the various combinations as follows:

DEPENDENT VARIABLES

People. Numbers or proportional amount of
Mdnpower, (Employable) (ME)

Manpower, (Students) (MS)

Money. Dollar figures or proportional amounts of
Funding ($F) . Money assigned to broad programs of scientific

research, etc.
Other money ($0). Salaries, income, GNP, costs of equipment, etc.

PUblications (P). Numbers or Frup ortional amounts of articles,

books, etc.
Miscellaneous (Misc.). All quantities plotted or tabulated, other

than people, money, or publications.

1650
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INDEPENDENT VARIABLES

Physics, chemistry, geology, etc. or, occasionally,
physical sciences, biological sciences, etc.

Smalior groupings than the above, mol-; t often the

subfields of physics.
Activi*. Such distinctions such as basic and applied research,

development, manageme'nt, teaching, etc.
Geogy.(Th?..o.a6. Distinction of one country or one region from another.
D:titution or type of institution. This may refer to one or more

specific Institutions performing work in physics or, more often,
to the distinction between types of institutions, such as uni-
versities, Industrial laboratories, government laboratories.

Support souce. Agency or sector of the economy from which work
is suppocted.

[4-Vreo, or mrnk. Most.often this contrasts holders of doctoral
degrees (usually designated "PhD," though ScD, etc. are included);
sometimes academic faculty rank is used or, for students, the
level.

Age.

For a given dependent variable, not all the independent variables
just listeewill be of interest. For example, the last two are
relevant only if the dependent variable is one of the "people" type.
In the tables below, only the more important independent variables
are used. We have omitted those that were found to occur seldom or
never among the tables listed.

Whenever a table or figure specializes its data to one or several
values of an independent variable, there is an index entry corres-
ponding to this variable. If the data refer to only one value of
the variable (e.g., if the variable is subdiscipline and the data
refer only to nuclear phynics9, the entry is the numeral 1, or, in
certain important cases, a special abbreviation--when the data
refer to the United Stated, the entry in the Geographical column is
"U.S."; when they refex to physics, that in the Discipline column is
"P". If they refer to two v,)lues of the independent variable, the
entry is 2; this entry is alx.o usually used, for example, when the
data contrast one subfield with all the rest of physics. If the

data are separated accotding 1:o more than two values of the inde-
pendent variable, the ertr,:l X.

The right half of each Andex page contains additional information
that may be useful.

Source. This is an abbreviated clue to the source of the data. Not
all sources are identified, but the following are (thoUgh only
in cases where the natt,re pf the source was obvious to the.
indexer): The National Registerof.Scientific and Technical Per-
sonnel (R); other quenionnoires to individuals or to organiza-
tions (Quest.); recordu nf government agencies supporting R&D
(Ag); records of other erwmlizations (Rec); abstracting-indexing
publications (A&I); recaeth journals (x); scientific and tech-

f) 7
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nicai literature in general (Lit.); editors (Eds.); interviews
(Int.).

Hemzrks. Any combination of words or symbols that will provide,
within the small space available, a clue to the subject matter
of the index entry. For the subfields of physics corresponding
to the panels of the Physics Survey, the usual abbreviations are
used: Astrophysics and Relativity (A&R); Atomic, Molecular, and
Electron Physics (AME) ; Elementary-Particle Physics (EP); Nuc-
lear Physics (NP); Plasma Physics and Physics of Fluids (P1.5,F1.);
Physics of Condensed Matter (CM) ; Earth and Planetary Physics
(ESPP); Physics in Biology (Ph. in Biol.); Optics (Opt.);
.Acoustics (Acoust.).

/tem. Preceding the colon is the relevant volume of Physics in Per-
spective; following it is the figure (F) or table (T) number or,
occasionally, some other designation to identify data material.

CPOSS entries. When a figure or table supplies data of more than
one of the dependent-variable types enumerated above (e.g., sup-
plies both funding and manpower data), it will, of course, be
entered in more than one place in the index. In such cases,
each entry contains, in the last column, the abbreviations for
:the dependent variables of the other entries.

We have tried to follow as literally as possible the indexing

scheme just described. For example, tables giving mean salaries of

different types of people are indexed under $O, not ME; ages are
under Misc., though age distributions are under ME; a plot of words
per year in journals is Misc., not P. But in many cases, hasty and
rather arbitrary decisions had to be made, of which we shall try

to list some of the most conspicuous. Data on number of people
changing between one employment or specialty and another between
two given years are usually identified by a 1 in the "rime" column,

as they approximate the value of a time derivative evaluated at one

time. Data on degrees granted have been assigned to the ME category

not the MS. The identification of interdisciplinary areas may not
always have been consistent: an area whose physics component is only
one of our subfields (e.g., E&PP) may have components belonging to

two or three major disciplines, and if these are separated in a
table, a 2 or an X in the discipline column is appropriate, even
though there is a 1 in the subdiscipline column. Even fuzzier is

the situation with regard to commercial products, etc.: often

these have been associated regularly with a nonphysics discipline
(e.g., electrical engineering) to justify a 1 in the "Discipline"

column. Data referring in one sense to one value of an independent
variable but in another sense to two or more values (e.g., scientists
working in the U.S. but classified according to country of origin)
are usually given a 2 or an X in the relevant column.

The arrangement of the index is as follows: Each of the Tables

V.1 to V.10 is devoted to a particular one of the depcndent vari-
ables and in some cases to the combination U.S. physics, of the
geographical and discipline variables, or to the remaining combina-
tions (including the combination of U.S. with any other discipline
or with a multiplicity of disciplines in which physics might be in-

cluded). Within each of the tables, the entries are arranged in the
order of the entries in the first column--X, 2, 1 (or U.S. or P,
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when aP propriate). no entryand under each of these in the order
of entries in the second column. Further ordering is not by entries
in the other columns but is sequential through the four volumes of
Phipticil Pcpavccti,v.?. Thu tables are

Table V.1
Tab1e V.2
Table V.3
Table V.4
Table V.5
Table V.6
Table V.7
Table V.8
Table V.9
Table V.10

manpower (Employable)--U.S., Physics
Manpower (Emplovable)--Other Than (U.S., Physics)
Manpower (Students)
Funding--U.S., Physics
Funding--Other Than (U.S., Physics)
Other Money
Publications--U.S., Physics
PubiicationsOther Than (U.S., Physics)
MiscellaneousU.S., Physics
Misce11aneous--other Than (U.S., Physics)
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TABLE V.2 Manpower (Employable--Other than (U.S., Physics)
(No tables in this category have a breakdown by age.)
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TABLE V.10 Miscellaneous--Other than (U.S., Physics)

Sub- Instl-
C00- 1114cl- 114ci- teflon Support

graphic pline Nine (or Type) Source rime Source Remarks Item
Cross

Entries

1CSU I:App.RA
X Rec. Arcelerature 1.5 GeV 1:14.2
X Accelerators 1:F8.8

R Cltieenship 8 age 1:111.8 ME
Rec. Accelerators 1.5 GeV 114:11.4

X Rec. Storage rings 114:11.5
X Rec. Accelerator A reactor loc. 1 IA . F 1 I . 7

X A&I Conc. of jrnl,. I 111:FX1V. 21

GNP energy 1:F7.10 SO

1

Semicond. mfgrs. IA:TIV. 5
Computer innovations 118:114.6
Accelerator location, 1 14:72. 3

2 Energy I:11.4
2 Le,munic. media

Dept. sloe I :F9. I
U.S. X 'Nest. Aptitude scores 1:112.3
U.S. X Plasma grants 11A:pp.725-6

X Rec, new starts 1111:118.21
U.S. X Data centers I1B:IXApp.B
U.'i. Median ages Atat 1IC:TII.54

Telecommunications 1:F4.34
1. . Energy l:.1.9
U. S Univ. fiscal troubles'

Rec. Committees USC 1:114.1
U. S. Employment ads 1:F12.11
U. S . GNP facrors I:112.234 SO,ME

Growth industries l:T12.23C
Ag. Reactors IIA:TI1.1

U.S. AN. Nuclear power plants 11A:Fl1.2
U.S. AR. Info, anal. centers IIB:FXIV.48 1:F13.28

X Ittest.t1nt. Communic. media IIB:FXIV.4 l:F13.3
X Atilt, pmts. etre. IIB:FXIV.15 1:F13.10
X All Abstr. Jrnts. IlB:FXIV.I6
X Lit. Rev. lir. 1111:FX1V.40
2 Q cst.Int. Tlme In cvmmunic. IIB:EXIV.3 I:413.3

Plasma expts. 1:48.65
Jury ratings 1:F5.4
Jury ratings 1:F5.6
Jury ratings 1:F5.7
Jury ratings 1:F5.8
Jury ratings 1F5.9
Jury ratings 1:75.10
Jury ratings 1 '5.11
Jury ratings 1,5.12
Jury ratings l:F5.13
Extrinsic vs Intrinsic 1:75.14
Extrinsic vs intrinsic 1:F5.15
Jury ratings 1:App.5A-5D

est.1nt.
Types of accelerators 114:111.4
Quality of CM papers IIAITIV.I0

SO

Rec. Pev. Jrnts. circ. IIB:FXIV.45

x
Lit.

441
Kinds of rev. lit. IIB:FXIV.46 I:F13.26
Emphasis in Jrnts. IIB:XIVApp.A
Abstr. A title Jrnts. I111:711V.I
Abstr. Jrnts. 118:1014.2
litle Jrnts. IIB:TXIV.3
Secondary services 1111:11(IV.4

Abstr. Jrnl. indexes IIBITOIV.5
Secondary services I1B:TXIV.6 ICTI3.1

1 Energy prod. 1:14.3
J. Jrnl. time lags .14:TXIV.8 1:113.2

Age of Jrn1s. rend tt8:TXIV.12 1:113.3
Quest. Oral communication 118:11014.18
A&I Interdisc. Jrnls. IIB:1XIV.20
Int. Info. transmission 118 :FXIV./ I:F13.4
Int. Info. transmission 11B:FXIV.8
Rec. Phys. abstr. etre. IIB:FXIV.14 1:F13.9 SO
J. Jrnl. bulk C. price Ild:FX17.18

Rec. Jrnl. circa. 1111:FXIV.19 1:F13.13
J. Bulk of Jrnlm. IIB:FXIV.20 1:F13.12

Ala Jrnl. specialisation Ila:FXIV.28 IIFI3.15 P

7ueat.A.51 Roy. lit. 114:FXIV.4I l:F13.24
Ata Rev. lit. CM

x
Computer efficiency l:F1.2
Semicond. innovations 114:114.4

SO

Discoveries vs exploit. 1:11.1
Laser power 11A:FIV.I
Computer generations IIA:FIV.5
Timekeeping devices SO
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APPENDIX A:
SELECTED TABLES
FROM THE PHYSICS
PORTION OF THE
NATIONAL REGISTER OF
SCIENTIFIC AND TECHNICAL
PERSONNEL

The next few pages reproduce the 1964, 1968, and 1970 questionnaire

forms. After these follow the tables; their content has been de-

scribed in Section 11.1.2. The number following the T in the up-

per left-hand corner of each table designates the type of table,

as labeled in the first column of Table 11.4 of the text. The

labeling of the rows and columns corresponds to the choices of-

fered on corresponding questions of the National Register form;

the numbers in parentheses at the heads of the columns of Table 11.4

can be used to locate these on the 1970 form. Each table is given

an identifying number at the right.

A variety of abbreviations is used in the tables. Those per-

taining to the various subfields are the following;

AO, Astrophysics and relativity
AME, Atomic, molecular, and electron physics

EP, Elementary-particle physics
NP, Nuclear physics
F, Physics of fluids
P, Plasma physics
P&F, Plasma physics and physics of fluids

CM, Condensed-matter physics
E&P, Earth and planetary physics
BIO, Physics in biology
OPT, Optics

1678
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Appendix A 1679

ACOUST, Acoustics

ASTRON, Astronomy (all areas other than astrophysics
and relativity)

MISC, Miscellaneous physics

Many of the tables have subrows labeled with N, H, V, and sometimes
HP. Here, N is the number of registrants relevant to the given box
of the table, H is the percentage that this box comprises of the
horizontal total in the table, V is the percentage that this box
comprises of the vertical total, and HP is the value of the column
variable at the indicated percentage of the horizontal total. For
example, in the columns labeled salary ranges , as in Table 12, an
entry, 50 = s, in the HP subrow means that s is the median salary
for the row in question. A statement, dimension-001 01, means
merely that there is no specialization other than that indicated
for dimensions 002 and 003.
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1680 PHYSICS IN PERSPECTIVE

NATIONAL REGISTER
OF SCIENTIFIC AND TECHNICAL PERSONNEL

ore THE FELD OF PHYSICS AND ASTRONOMY coNouctro De
AMERICAN INSTITUTE OF PHYSICS

3. I.. 113.1 ****** R. YORR POW Ol. ,0017
.13 PRY 01 IIONA L ecrgece POUND, .0.

:sinetinr" .18::::;*.:1. .tInvi:;E::;s. .1i.:: ::::::*:: i'41' 11. :.::17115111511,:: . :FiF * ii7;:17.1'26WiA'n.:.::1F.:.....r.ipiABAhE'f,s1F:Eajirl"s'iSi'..
vs... siNT Nswcps IN .. INK tin 'DM

1 .1. YODR N OR .10.1111 SI 3. I' I* iNCORPI.P............ CO../ INP....vioN .30Y/
. ROLL .143

P ..... . SU. OLI ..... III. CO. l IN01..0

NOTE II you ham. resmtved and completed Nattongl Register nue...mire from one of the other ores...bons listed bove

sinc. MArch I. l'AM. pl.. wnte the name ol the orgsnagbon her. i
leo. piesse ,,,,,plete pro, I. 99a 99 1), bAck of the questMnnaire. give your social security number. date and signature,
aml reboil in the eni hand envelope.

SW A
.

.
. . - __...

I . /I or tmetn a on co ..... OP WM. ;3 113 OR Co. /R OP BSCONCI. S sl.
... Os. I1 IICIVOM. OltotaU7/00 0 I ..te

CA 1

3 .1P11... .... .....
L2 4 U. : I NON . .monansro ....14.nt ...el, ...11.1
[ . 1.1 ,,go POO 0 % . pop ug uee,t. xeto

--.. ._-___----------- ----....------_--.--_--........--
s I regsnl myself profeutonally as a I ar 1 'check only one)

Xi X Astronomer 1,-.) at . Chemist
,..1,,, . Ling.. ZI ei - psychnlogDt

:Ix - limloOst III PI .Econompt ;:".'n, - Nlphematician 0 IM -Sociologist

;2 .1 Mu31.1 SclentIO 0 XI Engineer :IP, MeornIngist 0 In -Slatisucian

7,10 -Geologist ::: PI - Phssicist CIXII- Other soccifyi

EDUCATION - ... . .
......

7 CoLLsos UNorts,1 ow 0.1. INSTIPUTION il...... ou ..1 .0.3 ...Jon
IP NY 1301.3

MINOR

6 .

. .

... ..-. ..... --
CURRENT PPOrraistONAL EMPLOYMENT

st Please check the bos which most fully describes yout current employment status. Check only one

fl i . Full-time Professionally employed rj i -Student, part-time employed C , Not employed, and not reeking

l"., a Part-lame prefermonally employed
ICiraduate Araimants up. this code, employment

0 S Full.urne profeulanally empb,yed, OS -Student. not Deployed
Da - Employed. but nut in professional work

Porttime student (.: 6 Not employ ed. and seeking mnpIoy ment CI o Retired

9 1,9,9 gi9, 999,, a pp..., principal employ .r and actual plsce of employment. lt .4.3 RI... Im/..1.. ...RI ORR. OD..
IS 1.1 um... R. ORR IS .

.....1 re...hi m.w.m. 03.3.., ...IRO 3,R ..r ,.......n1 tetip end vlol

HI Check the boa of the category which M most appropriate, for your present principal ernployer. Cheek only one,

n I YRIVTY INIRIATIIT um 11USINFAIS 0 C CAMS -COHMISSIONPM CORPS

0 . finy.rkert.orElr fl L . semersny SERVICE c-rier. DUTY

il t . etILLesic Ug UNI.RAITY. omen TIIN IILIIICL SCHOOL 0 II IIYUY. IDIYUMNRYNT OKNEY

161... 3....1 43; ...I; .....ilatkillai 111
0 S . NONPROFIT NOSPITL 0. (71.1Nic

CI Si Str.biet. scsuot. I-1K NONPROFIt OHIINIZTION. OTHFR TIIAN IHRSPITL.
CLINIC. OR F.DUCATIONL INSTITUTION

n . SCCoNSRy SCHOOL OR SCHOOL STRUM

CI I irtfIES1. COvICIANSICHT. CIVILIAN KHPLOYKS 0 r OTHCH lorNIFFI

IL Plea.* itive the princip& service you perfonn or product on whtch you work.

12 .Fzn:ntth4 tcocoor
tun,,,,,ztlif: Itityaenta tat vier= ar.allution moat closely related to Your P_RESEta ...Pl./TIMM

th

NA/APA.
floSeiaII, TM.

-PLEASE COMPLETE OTHER MOE-
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Appendix A 1681

CURRINY PROFESSIONAL EMPLOYMENT 4 oNIINIII.0
. . .... ..-- . _ ..... .. .. _ ... .

13 Number your tint and eeconol moot important kind ul act.. ty. in terms of workitut USW IlarotwI, by entering "I' 0,1 'nn the pproprigte line. berm.
I 0000.tar00 OR ALIIINIIIIIIAIHON Or KEEKARCH ANO I 114 SW RFECARCIIIIEVElorlarNT

n . tEr1,1r0 RINEARCH
A YANA...NI OR AVIIINIIITM A/ION Or OTIIVII THAN I DEVI WIWI Wr 011 lortioN

RISCANI11 ANO 14,01.01,0 Mt I CtINMILTING
4 11 Al 11100 .01..1..1,14.... 0.01 ill 1011 10....1,. - . .. . .....- -- . ...if I. ,A....4:(.1.11,...Y.oru/..sol.nkrkt.trr.1 .soup:,,,,Iteodi ,,,,r.szlmoirlsent. htrro,:ransl.Gucemnuan funds' 17) Yea r.1 N^ E Don'l know

C t Agriculture Li . Educetion LI r Natural resource. C a- Other program I epee... )0 I -Atomic energy CI 4 Health tj r - Public works
CI i NNW. On Intetnattonal CI s SPIes

NO71: Solar/ mad Ineiona Inhumation Is rogardad as lantlnantlal and 111 be used far alatIntalat parposas nly. It 01NO1
In mainsail Ill 517 UST lint will allow It la be Ideallflml milk yna.

IS tIASIC ANNUAI. SALARY (JAN 1200 Please give the Wale nnual salary emactated wlth yuur principal professional
employment as of Jan 1904.

$
If madenurIly mployed, cheek whether sslary is for CI 9.10 Inn. nr 0 11-12 tom.

4::::r... ,..;"::::.,:. 'Z",...::, ".:',.:V.,1",:;,t;....t.":,"::,';',:',":.7..;1!,;.'7.V..':',"7:La:::711::: ' :1`.: `" ``^^ ""' '"'.." """"'
la rsilmATED GROSS ANNUAL PROFESSIONAL INCOME. tJan I to Dee 31, 12041 Please grce your estimated gra.. Pro

fessional income from all prelmatnnal &cll... for the year winch wIll end December 31, 1964

eh. sone... 0rts000 .

IS. lintoniany year. nf proles...n.1 work xperience, including teaching. have you hed? 1 I

44111tTIFIE COMPI TINE!,

Pi From Om Accompanying pectaltor. Ii.l. soIett and enter en the Idles below in deermumg trier the four petlaileff in which youformat,or you have kour greatest mienune cumprtence, booed on your total cduralional mul werk emN.T.,..

Greatest Third:fr,..... amity TIO NoWarr awrIalir Tilly
Second Fourth:14..... SmitT TM* Nawiw SywHilr 1.11

ISA I. your protessranal competence primarily characterited at n Theoretual 0 Lam...mental 0 Oathaw.
LANGUAGE AND AREA KNOWLEDGE!)
PI FOREIGN LANGUAGE Lot the language. (other then English/ in which You have knuwledge and indicate w.th cheekmark 1 y ) Your ProSereney.

II rmo have nn Imesgr lenguage oneperenra. cherk hers p

PROFICIENCY
NY 0CILITY CN READ OHEcN to TRNELATE TECHNICAL .Nowgoog.ways IIIILIvER

CON...VMS EEC...IC/IL NTicLE MUT CNSNHE or LacTURII ,,,,,,,,.... 01.1 OWN UE yEE ALNoLiAGE.1
LISO11.0.4 OrU111, INaO *SOLI .......T. CO1441011.LutisTLY riCHLLT FLU ..... SALT 1001.111114 ENOLIEM 1.1{. V 41;1.'4 cTION

7

. .

20 AREA KNOWLEDGE. LIS( the foreign enuntriee or U. S. geographic area. in which you ha taut mian.1 etweialireIlongained by residence, research, or talluel.
TOT.. ..... . .

COUNTRY OR WallIDENCE ON ' williwo ON NOWAK or TOUR KNOWLECON ON ECiaLIZATION
OPECIALilATION EECiay.IlEO

. .- - . . . .....-..-.
21. socirry MF.MRF.RSIIIP Circle the number In frnot of sll soelenes of which you are member. For write-tn. Include onlynatinnAl prolemiunal soGetles and me ulentdring wdrds In lull,

Sal. AMERICAN lairs:car 'HMIS'S SW ANERICAN ASTRONOMICAL ROCIETY
frt. OPTICAL INICItly Or AmERICA

SW AMERICAN CROSTALLOCNAPHIC ASSOCIATION
503. ACOMITICAL /WETS or AMERICA
BO nom, Or RHEOLOCE SW OTIICIUY opreira.
Sal AMERICAN ASSOCIATION OF OPIESICII Tr...cora/ 1/4 NONE

22. Plea. glue mailing Or forwarding address through which you c. always be reached if different Iran, address on reverseside.

C/O New., MOW City SW. Us GA.10NA/1... 1.0 Nemo!

OCIL CCURITT NO I
I 1

23. If you wok to add to the ...eve information concerrung your prof...renal employ
MOO Or Solailiagiono. Pie.. COOITHenrbelay/ ur on en ...wheel Am., referring to item numbers where appropriate.

2 9 7

................
IN.s ColumN
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ry cyr PHYSICS AND ASTRONOMY cONrIllt Itr, DI 7411.
AMERICAN INSTITUTE OF 114.TISICS

ma glom ...I ffffff Air. ir1)0,11 M.. VONA /OW>
40 1/14. N1110NAL C110.105 1,11.04011014

!..,'" 1" ,r.:r: ,:.':....'8 %'.7".17..b,,1'... f'71:.1:::,'.,"+''....!n'
,';:ot''.....p,""ZI':17.tik117::":::.7", ':.:711'.:'%1:1:117.:!!'Z'171'; Aa:::"117:7Voltrr:

Ao....,...... ......... .1....,. 4...1 ..... A4o..., 400 I .1 Ao .44 8 mot 4. ama..1 ta........ tiol IN loloolan al awn...

.,,.., ....or 11N . 11 ,. DA rm.
7 i

atimot (,,...11111 1111 {1411,11 011110N.1. If
111.11,111 1,1,111./.1. 4.1 ,111.1311.1 .11./ 10
T. *Vit. ,10N1 111,0111 11 1111M ff 0
11 111./.11 1 oftenreo w, ,,..,.,
01..E t . 01./11 NTI alsoall all
ca./over 440 TOUR, roar., 1114 cram ca fkencot.13

_J

NOTE If you haw. r.diVed .111 oonploo41
01.notool Ilertioter 1110.11110mme OM. Um nt the other orgonnotiona hated obove

soror Marrh I. 19614, ohm.. urn. Om non. of the wannitatmo lime
.

nem. consplo. give your mem' seeltrite Danilor, il.a... and nowturr iwiuw. nal ret ttttt in the ewlweal onvelim.

ViTA 1
r DAM or. P,X101 , ,,,,, Oa yonta,

,..1,..,11, 0. .11. 0
4 ,,,,, cm 0C114 LOU.,

0. aLuDDIA ,11001. aeou.ilou
1111

, ma"
ll '

4 .1.11,111.10

IDLIC,IIIIN
4 4 ,/,, v . Dowaw . IN 01.11

OOIN 1411.011

: II ,00 .a. 3 .tudent. eht.,e myr name
. , o Spolma. fondue. i 1 7 SlMItaa, Drt-Orne

PROFESSIONAL EMPLOYMENT 1

R Ohm; your ,Inploy.... 0.0.
[2. I Employed full.mn. 03 - UnromloyM nrol ...king moployment 0 4 ,Nmoto.41:11grel and not etokIng 05- Retired

01' Emphierd pond..
9 Plea.. gloi, noTr. Ot P7.0104 prIompul employ.r of

mlfemployed write in ...11"), oentol plce of employment, ond title of

pres.nt pontion.

wow d town'. minor., woDO,
A..1 plan, uf 0110,1.1..1 Dar A OOM

TO. ut smont goollan
Itofl4 if oarlarM Ay a unltIO. mho,. nr UM.. mil,.

10 Check
1,
(
C,
L.
L.
L.
Q
L4

If
right

the how of N. wtegtiry which la moot ppropnaw for your prevent princlpol employer (check only one).

t roivarg tnoorrtor no 1,11.107441 R. 4 - STATIC OuvrataNgter

I . Illttr.REPLOYILIP
LI II . IRTERNATIONAL.AORTICY

1 COI.LIDM OR IDIMERSITY. OTHER TM,. latIOCAL 5111001. 0 14 .0THER GOVERNIMEHT AGENCY Oroaa.

I. larIlICAL WHOM.
0 la .PRIVATR linriTAL OR CLINIC

17 - 40/11oR COI LRCE
Ei ...NONPROFIT IIIISPITAL OR CLINIC

. OrCONOAFT OR ELEMENTARY SCIIOOL 15.TICIt
1. 000101071T ORGAHMAT/UN. OTHER THAN HOSPITAL

I rEORHAL GOVERNIMINT.-CIOILIAN naLortt
CLINIC. Olt EDUCATIONAL nerrertrowe

. COPRA MILITARY SERVICE...ACME DUTT LI OTHER tOorar I

odditionany mmIoyed, enter on the line 01 N.
the category moot appropriate to thot employer

II. Number your Arrt &ad wand most Important king of ctivity, In termo of working time devoted. by entering .1- and "2" on N.

opproprim Imm below.
71 . reolongurrer rot AnroIl ,,,,, ION Or RESEARCH 4 or.073..npur.m.

AND VIIVELOPIIENT
M TrArr Or IMUOMENT

10. MAHAGrAlr.NT OW ADMINISTRATION Or OTHER THAN Ss- OICSICN

It00r114041 AIIII DEVISLOPMENT IT DATA COMPILATION. CRoccsAwn

.. PARIC RFAILARCH
24 . CONSULTING

4 APPLIRD R0111401111,
A -SALMI. MAR/CHUNG. PURCHASING. LIITIMATING

I Ttol(1111.,4
IS REPORT OR OTEIR TECHNICAL WMITINC. znalmn OTHER Opoltrl

M . ItoDIPERHT OR SUMMAR 14000O1I1

I2. la ANY of your work Smog supportrd or sponoorol by U. S. Government fund., 0 Yoe 0 No 0 Don't know
If yes, I. your work reiated to eny of Ne folloveing prose....
0 a - Agriculture 0 a - fleold, 0. - Publ. work. 0 N - Urban dem1oprnem

0 N - Montle energy 0 . Hou.ing 0 II - Rurol dmeloprornt 0 Othor pro(ram (apeelfy)

O c - Defetwe 0 0 - International 0 L . Spoce

0 o - Education 0 H Natural resources 0 g - TramparatIon

228

01. .
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PROPIMSIONI. ENO.," MEN( ,..., ,, , 1 ,
li From the eperteltrae Idi rot. oo-erlyall, iirIPTI And 1.1 Nub rho. nOtolort .1o1 T.,11111,. Lpeti.ity Pinot .,1,,...1, ir111A1 lo TAWFIIINFN I prorripal rolpioyment or w rd. in Pour .1mcisIty .1 it I. not No the lot

n,,.....

Atop "ow other o !eolith eloo.ialtreo tr. which P1111 Wee eotopetorwe

TWO IhITTNATIAP, 1,1. rd...wat rate

two foodNum. 'W.I.,' VI.T MOTO,. Apormity Till

NOTI. Salm and loam inlatmalion is to ddddd as aanlidsnlial and will II used Ist stalleisal AO sssss only. II will NOT
Is tal sssss In any toy IAA will allow N la Is Identillad with you.

III CPA ItArIll: ANfiVAL SAI,ARV PO., ,ore tire Ira.", Almost oars. arowrand ...Mr dtot projtroal proltroolonal work to lltem.o., torroirrd dollar.

$If .11:4.11.11, ..0 l'in .11 rho k ohethor "hay to fro ; , A lo moo ot j I II

15 ENTIMATFU (kNOSN ANNUAL l'Itt/FESSIIINAL INCUME tJan I to Pee 31. 111611) PITA. RIAn yoot ettOnstrd WM. IlloolAI!flan AU ptoIrwaunI ctorthee for the your

A

r.::.......:.....1 Y.r.d...r...1 i...... o al.l. Non... redo... Ed pada...rod ...oar.. ,e,iodo 1.re ..r.ro tot..t. d..,.,0,,.., 1 ........., ,,A.o...

IA Ilol ntAny pests Al prolrilionI work trepertence, Including ',WINNE, hare you hod? I 1
LANOU.CIE NO AREA K00WLE00E1 . . , .

17 FtalIEII:54 LANCUAGF. Loa the language' (other than Farglishl In *high 500 haw. corntretrnee nd indicate your pron....CIES.
If yoti ha. or tor lore err ...,,Airtior. rfoo k her . r ;

Nm 0.
LNuysas,,

PROFICIENCY

NO nALITAA
LACTO

C N
NA'S CILITT
To gAiN sssss

TACNNICL
TOY sssss

CN ill0
TTCHNICLertgt.

Col coVN Ulla

00
ANON/L.0G.
Ur CN T
UM all A.

S.,' =7.
CYO, ssssss I.,

100
10.11.1.11.

01.1
1.011.1H 611.

WI.,

a

0 U 0

CATION

II ARFA KNOWLEIXIE Lot the lUrelEn uuntrIes Ul whIC you ha e knowledge gained by residence or ssss rgh.

COUNTAT TOTI. sssss
1111PDANCE

rlA 1.111.
VIAITAD NATUAA Or TOUR ANOTALCOOt

PROFESSIONAL IDENTIFICATIONII

19 I regard iny.relf profrATOOlsny TO 10111

20 SnatInrTlY. ,,N:(F.51,51.211SIIIPC.he.etstlkle,...:31,1:1:1y104 tors lo.r, LItilSor. orDes of which you are member. For write-ins Include only
0 A . ARYAN,. TOTOWA!. nociErr 0 J . A 11010, IN INSTITUTE or ArONNAUTIIE A ASTEUNAOTICSH 0-.I. 50,ISTY or ATOTIOCA

r .auntrartraf. ilarlATT or asteruca
I:1 .A.1001,04 $OPITTIT IDS METAL.
LI I.. 4510110:AN 04111151 larIrTYLI ...Ww1Wr1 Or loIrOloCy La M . 10010t/MKNT 100IETY Or AMFRICALI g . AIIIMICAN 000AN1AltoN or 01110100 701PHEMS r..I N . SOED-PT Poll APPITTO Ant:TROTH:OPT0 r . A10318.11 401I1000111CAL snorrr Er P.SIOMA PI AIGMA

0 Il .APIEMICAN r11197 ALI...0141.111e AASOCIATION ij T OTHERS Io.ollvl
0 11 . AMENICAN ASSOCIATION Or PIIESIcISTIs IN MEDICINE U 001100

21, /lease give marlin, ar for...Mine :Marro, through whIch you can alwaye b. trurhed d different horn satire.. ahoy..

c,o N..eder 1.11.1 .11. MAI. 2igs C.I.

DrE sssssss 0 SIONTuss oPi.... Ass I 41 Non.

sOCIAL ECUSIT ccpurrio

2 2 9
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SPECIALTIES LIST
FOR use WITH

1968 NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL

In the section PROFESSIONAL EMPLOYMENT on the l'inN National Register (Nest tinsire yuu ale
requested to idea tIme tho list the specialty most closely related to Sottr present employment and other specialties
in which you may have aingietence (item Eli Meuse use the specially tole fram this selected hal; if you select the
"Other" category, me that code number and write in your Mel specialty title.

Amami.
012 I 0 Applied osmotic, outeuments 111Y1 appsulut
n12211 . Arthilesturst 41.1.111C1
01215- hat and healing
1,1241 3 kelt...wool
(i2T 1 . - In hum..
01964 Met hanteal ))))) I and shut
03277--Mumal ...menu and moo
012.1 None

tir11137.1rheetl;
01111-1.1101sonks
01141--lInderumet round
at to1- Nher (musty(

* Mole ass1 asolosobe physics
01411.- A101111C, 10111, and nodamise helm,
03415.Atenne motet and anundsme
01431 Atom ttruclure and sperIrs
01442-4ltemeal bond, and 117.1111C
01444 --/lef11011 parsmagnette retonsnee
1114e tmport and trattering phenomena.
01411.. Neu tpettoutspy
014111.- MitlecOlar mom. and matt.
Olt 17 Nock. magneto resonant.

Operifyi

Ihretmempsklua
flint nAnlenna theory
0M24-.Plearical rnensuranentt and intonanentl
01631Electromagratic waves
01910FJeetrinnagnette was< propardm
03617Plettron drum.
011413EleUreu microscopy. ion npoct
01673-47a. slotharge
036111 --Magnetism
0.1,11Mason and luen dem.
01721Moromm
03911PlImell electronics
01149Osanturn Outmost
01710.4.0.111 interactions
01761.-.X.ny Phenomena
01772X.rsy technology
01291--Othe lipmfy I

Pieetrooks
0311 1 4 glutton balloon
noll....Elevinin rule,
011110.Elertroche desire circuitry
011141Elertrontet inttnitnentstion
03115 Electron mouton
031163-13.1
0317 Oman electron.
13311104seme00ductor docket
O 3911Soisl tute electronics
03996-0ther ispersfyl
glemetuary particles
04010Coame rays
t140111High enettg 1,41kr...99
04016High mergy phenomena
O 4044Parlicle
u n3IPhertentrath Dell computer analysis
04091Other lipkify
Wellman
01119Aftlytteal merhane.
04127-21.11istm and flight dynamics
04135Elsokity
041.3Frktion
01150High immure physics
041n11Impoct phenomena
04176Initruments and nkuurensenti
04192Phu lipmfyi
Opeke
044 I nAtomphe rie and mace optics
04424Cane, colon/miry
04432Fiber maks
041.40Cecommal optics
114612-11Ungraph1
0457Infounation tharorg commtotteldons, image

valuer.:
04445Infrared phenomena
04473In0nferonM7
194481Lawn
04515 ens.
04113Cipokal losIrmems, technique. and &Mat
O 4531Optirol material.
O 4549Photography.
04556Plus1es/ moles
0,161Phykolomeal rooks
04572Properties of thin film,
04580Radionletry, photometry
Nat 4.....ggeemkkory
04697-0thee repent)/

hut.. puska
11411 - Arre 1.1 sou. Jetelo1r1
11412 Nemons
04214 -Moslem rottener
114:42 ..N1Idelif kart.. besoeting
042in Nueleat spertrotsopy
049.69...Rsolistion elle.
01215.-Hadotarme materals tiolutet
04211.Reaston
1/4117Shieldin4
04300.--Othet Itpreifyl

PMsles fit 1.11.
04 911 Ae todynamirs
04'21.--Aermoll
04939-11oundary layer effects
01917-4A019, and jet
O 4954Comptestihle fluid dynsinks
thlOntpinunts plenommeol
04790ltigh temperatute new
04111.--Inempresohle fluid dynamic.
041112Magnetts flunl dynamo:4
041120Plasou pity..
041311liarelmed gas flow
1M5411Wwriort Meluding MAIM nu.)
.)41113--Shock stave phenomena
114561--Struture and prompt. nf Mods
04579Superfluidily
1141149.--Trani00n pheminsens, diffusion
044 1 1 Tutbulence
0140419Youstity
04044Mthee upeeifyl

saki sm. phydes
01017.Cerstniet
115015Cooperstive phenomena
nanvrCollallography
omit Dim... tinotwtthg nuwo
050111Dokkationi and pluckily
0511mDynamies of emstsi lands
ninl4Ekine15 properties of totem and ontrIlont
05042Electrun emission
O 111 fsFetrommutiun
0512 siligh mimeo and gigues
05132-1Menul friction
nV140-1Inee effech and diffution
05157Luminescence
nf toOptical mopertiet
05173Pannugnettun and diamagnetism
01111Photoconduetivity and Isla& phenomena
05215 Plsoloeleetrie phenomena
05223.Pieeneleelrkity and ferroelectrieity
05231Quantum meehanirs of mild,
01249Radiation damage
05250-0oIc9tatee phenomena
05264-4enneondortors
05272Supereondortivity
01280-0-t0ue structure and Mottles
05314Miennal conduction in Mid ilste
05.121Thin Mins
05397-011.1 !specify/

Thormal Arks
135413ColoMM09
05421ileat tranamilato
05439High temperature ohms"
05447Low temperature physics
05454Tenmersture and its measurement
05461Therrna1 alwarrtiev
05470Thermodynamies
05411Thennodynatnie relation,. equations of ttttt
O 5511Thermodynamie
O 5195Other (tpectly1

Oeltor plusies ogrotioldu
05611Cnostuts. Misdeeds. units. metrology.

eoneersion Won
05.629.--Eperm conversion problem
05637Meld theory
05945H4h mourn techniques
05652Kinetie
05660Many bodh;*Jrieory
O 56711Mathentalkal ohmic.
O 56116Moutour, effort
05710Physical metalliargy
057211Physica1 properties of materials
05930Clumtunt mechanics
05741Radiation gild health physics
O 5751 Relstisity ond remotion.
05769Stallatical mechanics
07777Mom of physics and/ne Mornonty
O 57115Tesehing of physics gild/or astronomy
05793Other (mu-PP

230



Aolordomy

00011-A609101lry
00026-Astrophysa
010114-Calosual meanies
011042-Camu . moan, intarplanatary medium
00019-Ciantology and samallary
00061-flosign a/ noronattlicad insinuorms
te2011--91slasets
1IX1111.-Nsogatmet. gtwblIc atrimomy
WM-01w of mink aye
00121-Phimael0 01 Aatronotnical sources
00111-Physics al Me intantallm
00141-PlAnea.
00111-11adia Atir000nly
00166-21psa Autonomy
(4174-Sfeannoopy Attnnanial minas
0111112-Star syslems and slailnical stronomy
0021es-Stellar energy gaserstion. nueloogenah.

Iteller vulation
fe1224-71. ea
00212-Ve9able 61111
00299-0ther Opacity)

ABroopbarle dada. mai dynodes
19919-Aerorany
19921-A1mo auermam
19911-Annaphea chemistry and radioacliory
1.1941-Atmolpholo dynamics and thrinalynamics
19930-Almaephene eloaricity
111901-Altrapturoc optics and 11011110*
PAM-Auras. irglow
199114-Cloud and prectintallon physics
20016-Counn rays
20024-lovaphery
2111112-Mommetearology
20040-Mwrimel
20011-NinneriarruilSeiL1
211091- Plaintive tmospheres
211011-Andiallry Hader
200111-Turhulonce and diffusion
20099-.00m IsPailid

IMPB1B44
10114
10122- Ilmeloariaty
10110-411Aoplice
10141-11knystems. amid communications
10137-9lo4ormics and bloonergetke
10101-Biotramport, membrane einem
10111-Collider
101119-Crysial iryhy
10411-Met
10421-Malaular
10499--011wr Wa/

Appendix A 1685

Modoni ehoodotry
20114-Catalan and unlace themotry
20121-4 !urinal and pate equilibria
202.10-Chemnal limas. ass pima and

pineal...natty
202411-Chorndal Minna liquid plum
20133-Colloid channtry
20201 -Crystallogaphy
211271 -1' Its ion Ministry
202119- linap transfer and rolaanun piano.
211111- Manses and a Motives
20121-Fused ulli
Jii119.-Iligh tempt aline chem.,
20141- Ion any nd membrane phenomena
10114-Neva idled.
10101-14quid slain and solutions. electrolyles

and non elecontytrs
20110-Molocular pectroacopy
203111.-Moleoular $1.111.
20412-.8490<as and adlochonisiry
20120-Polption in bull. morphology. pax

Hansom.. sinology. and mechanical

204111-=kr: in solution; thennodaiimicsi
lrydnelaamics. and pectrnscopy

204412-Ousnium ond silence theory
10411-11a4lotion and hol.alom elvemniry
20401--Solid date chem..,
10417 -1 hone hemntry
20492-011so Opecifyl

Soise/Mmenery opedsMse
20119-Amonomy
20721-Aurona. airglow
20111-Cann, ay.
20741-0ennispeenrn
20730-Inutplanetary panicle, and Oda
2079/1-I00aphery
20779-Lam and planetary geophysia/MolneY
201114-Ma1delorylsok panicles and oases
20111I-Planoary almopherne
20819--Solar physics
10914-Tektlits and molearires
201821-0thor (1Pool(1)

Meldemeft gaphyola
20911 -EAploranon scheming
20921-Eiryinralion geophysics parity
20911-Faploation pi/physic.. magnetic
201441-0eomagnetion and elecolay
209311-0ralry
20966-Marino geophaics
20971-Phakal propane, of mhos! morale
209112-Anomie narys
21014-Tectonics (including hat Pool
21022-Vokanology
21097-)10or (speci(y)

OT11OR MELDS OF SCIENCE

00102-Almorylork Minxes
01901 -amnia
061109-MIMI

011607-Mathonaties
24000-Comp10a Science
091101-Mansties

12100-Agvicullur9 Sciences
12609-Biological and Biomedical Sciences

14704-Prychaogy
13206-Ant0eoparyy
19700-Ecanorroa
11804v-Linguistes
18901-radical Science
191101,-Salok,0

21101-00w r (specify)
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IN TN, 111111 110 PHYSICS ANn IN TI.IE FIELO OF ASTRONOMY CCOMe rrn nY row
Owira licur. INSTITUTE OF PHYSICS

134 4441 1111111 II...1 heer 10114 av/ 4oAk 10.1
AND 11. 44110.11 IIIMCII rtn.DATION

va ... 4e1a .,1 .....4 I.. 0.4 An.0.0,, A.110/.000,5. A44..4.4 4.44.44 I 2,....41 11.4m, 4...... ge......,..4.4.,,,,,,,A ,A,,... ,,,..,,

..,',...7,:s,,7A".1.4.4!".....1f4...."41 1.4..."ll'Itr.' A.474.4.4 :1.747:17.:7/ 4:.4.4...7%n 'I.:4; r.;"::.;...r 1..;:.74Z.:..:,.4...11.AT.:174.41."...7.Lott"..7

.......44 NT 1,24w.mA41 1..6,, 02444 . AN4.404 . NAAR o. ON tyre

r- .) ..... t om Int .141.11 01.1.1.01.4. .
11e1111, 0.010 14,104 rt.e.4140,11 I. 00 111
In. leel, orforn 41. 61.01111 nair /IAN ANIAMD
ms ADAC att. 4MA.4 ant coax.,
,... . a. Venn NI.. Ann Annell. AM%
......01 103 'One 4041. /Iv COO( IA .Dcaf ea

._

!WTI: If you tiave ,,,I and complete) a Saila.) IlrgaTIT? ).10.011.1., from one .1 the other orgo.rationo 1101.1 Above

1e1. I 10'1 1,1e.oe utile Ine n.one 1.1 IR. urgAnitAlion Ilery
.

flew.. i Orly Hen, 1. Cyr Tour loyal *acorn', number, 441, ATM so/nature
below, and rrturn in the rneloaell 4nvniolor

VITA r ..
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1.01

SPECIALTIES LIST
FOR USE W1T1/

1970 NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL

In the sections PROFESSIONAL EMPIA)YMENT and SCIENTIFIC COMPETENCE on the 1970 Na-
tional Register Questionnaire you are requested 19 select from this list the specialty most closely related to your
present employment (nem IN and those in which you consider you have your zreatest professional competence
(item 191. Please usc the specialty title from this list; if you select the "Other" category, use that code number
and write in your own brief specialty title.

Acouak,
s771Architectural 3C011a1CS
5772-1 Ie artng
5773Music
5774Noise
5775Shock waves
5776Speech
5777Ultrasonics
57711Underwater sound
5791Vibrations
S7119-0ther (speedy)

Atom. and Mokcoks
5741--Atomic and molecular iims
5792Atomic, molecular, and electron beams
5793Atoms with Z...2
5794Collision processes
5795Free radicals
5796-11ydrogen and helium atoms
5797-1norganic molecules
5799--Macromolecules and polymers
5801Mesic and muonic atoms and molecules
3902Organic molecules
5909Other (specify)

SlopItylies
5961Hioacoustics
5962Bioeleetricity
5963Bioenergetics
5964Riological molecules
5965Rio-optics
5966-1Iealth and medical physics
5969Other (specify)

Electromagnetism
5811Electrical quantifier and their measuremeri
5912Generation of electromagnetic waves
51113Infrared, visible, and ultraviolet radiation
51114Interaction of electromagnetic waves with

mmter
51115Magnetism
5916Propagation of electromagnetic waves
5817Radiowaves and microwaves
51118X-rays and gamma rays
5919Other (specify)

Elementary Particles and Fields
51121--Cosmic rays
5922Electromagnetic fields, photons
5923Gravitational fields, gravitons
5924-11adrons
5825Leptons
5826Quantum field theory
5829Other (specify)

Fluids
583IDispersions and colloids
5832Ek.tric discharges
5833Fluid mechanics
5834Gasea
51135lontration
5836Liquids
5837Magnetofluid dynamics
5838Plmmas
51141Quantum fluids
5849Other (sPecify)

insfromenbtion
5971Antennae, radiators
5972Astronomical
5973-13cam handling
5974Circuits and circuit elements
5975--Communication
5976Electronic
5977Energy conversion
5978Nigh pressure
5981High temperature
5982Information storage
5983Lasers and masers
5984Measuring, testing, and calibrating
5995Microscopes
5986NMR-EPR
5987Nuclear reactors
5988Particle accelerators
5991Particle and beam sources
5992Particle detectors
5993 Photographic
5994Plasma containment
5995Radio and microwave
5996Ra4io astronomy
5997Semiconductors
5998Spectroscopes
6001Telescopes
6002Thermometric
60(13--Vacuum
6004X-ray
6009--Other ;specify)

Mechanics

5851Analytical mechanics
5852Celesdal mechavcs
51153Cortimuun. mechanics
5954Elasticity
5955Friction
5856Many body theory
5857Measurement of mechanical properties
5858Plasticity
5861-0uantum mechanics
5862Statistical mechanics
5869Other (specify)

Nuclei
5871Nuclear decay and radioactivity
5872Nuclear reactions and scattering
5873Nuclear structure and energy levels
5879Other (sPecify)

000
5881Colorimetry
3882--Geometric optics
58113Holography
51184Umn
5885Non-linear optics
5886Photography
5887Photometry, radiometry, and illumination
5888Physical optics
5891Spectroscopy
5892Vision
5899Other (specify)

3 1



Physkal Chemistry

567ICatalysis
5672Chemical and phase equilibria
5673Chemical kinetics, gas phase and photo-

chemistry
5674Chemical kinetics, liquid pham
5675Colloid chemistry
5676Crystallography
5677Electruchemtstry
5678Electrot.7c spectroscopy, including far UN.
5681Enerpy transfer and relaxation pnxeNses
56112Equilihrium and thermodynamic relationships
56113East rentions
5684Flames and explosives
56115.Fused salts
5686High temperature chemistry
5687Interfacial chemistry
5688Ion exchange and membrane phenomena
5692Liquid state and solutions; electrolytes and

non-electrolytes
5693Molecular spectroscopy
5694Molecular structure
5695Nuclear and radiochemistry
5696Quantum and salence theory
5697Radiation and hot-atom chemistry
5698Scattering phenomena
5701Solid state chendstry
5703Thermochemistry
5709Other (specify)

Solid-Earth Geophysks

516IExploration, gravity
5162Exploration, magnetic
5163Exploration seismology
5164Geomagnetism and paleomagnetism
5165Gravity
5166Heat flow
5167Physical properties of natural materials
5168Scismology
5171Tectonics
5172Volcanology
5179Other (specify)

Solids

5901Acoustic properties
5902--Alloys
5903Crystal growth
5904Crystal structure
5905Dendrites and composites
5906Dieledrics
59157Diffusion in solids
5908Electron states
5911Electron transport and carrier properties
5912Imperfections
5913Interaction of radiation with solids
5914Lattice mechanics
5915Luminescence
5916Magnetic properties
5917Magnetic retunance
5918Mechan iCal properties
5921Metallic conductors
5922Mossbauer effect
5923Non-crystalline states
5924Optical properties
51125Semiconductors
5926Solid state devices
5927Superconductors
5928.Surfaccs. interface% films
593IThermal properties of solids
5939Other (upecify)

Appendix A 1689

Thermal Physics
5941-11igh temperature physics
5942Kinetic theory
5943Low temperature physics
5944Phase transitions, changes of slate
5945Statistical mechanics
5946Thermal measurement techniques
5947Thermal properties
5948 Thermodyna mica
5931Transport phenomena
S959--Other fsPeelfyi

AtrimspheHe Stolen,. and Dynamics
991Arronomy
4992Airseu interaction
4993Atmospheric chemistry and radioactivity
4994Atmospheric dynamics, thermodynamics
4995Atmospheric electricity
4996Atmospheric optics and acoustics
4997Aurora, airglow
49911Cloud and precipitation physics
5001Cosmic rays
5002Ionosphere
5003Mcsometcorology
5004Mierometeorology
5005Numerical modeling
5006Planetary atmospheres
5007--Radiative transfer
5008Turbulence and diffusion
5009Other (specify)

Solar-Planetary RelationshiP.
5331Aeronomy
5332--Aurora and airglow
5333Cosmic rays
5334Geomagnetic pulsations
5335Interplanetary particles and fields
5336--lonosphere
5337Magnetosphetie particles and waves
5338Solar and planetary physics
5341Solar wind
5349Other (sPecify)
PtanctoloRY
5301Interplanetary matter
5302Lunar and planetary geology
5303Lunar and planetary geophysics
5304Meteorites and tektites
5305Planetary at mospheres
5306Planetary magnetic fields
5309Other (specify)
Additional Astrophyskal Specialties
6011Binary stars
6012Clusters
6013Comets, meteors, interplanetary medium
6014Cosmology
6015Galaxies
6016-1nterstellar medium
6017Planets and satellites
6018Quasars, pulsars, X-ray sources
602IStellar composition
6022Stellar evolution
6023The Sun
6029Other (specify)
Other Specialties
603IHistory of physics or astronomy
6032Mathematical physics
6033Philosophy of physics or astronomy
6034Physics information, dissemlnation and

retrieval
6035Relativity, gravitation
6036Teaching of physics or astronomy
6037Units, constants, standards, conversion factors
6039Other (specify)

OTHER FIELDS OF SCIENCE
5350Atmospheric Sciences
5760Chemistry
5360Earth Sciences
6210Mathematics
6330Computer Science
6350Statisties
6590Agrkultural Science
6580Biological and Biomedical Sciences

6790Psycholoo
6900Anthropology
7050Economics
7160Linguistics
7270Political Science
7360Sociology
9990Other (specify)
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APPENDIX B:
ALLOCATION OF
NATIONAL REGISTER
SPECIALTIES TO
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1772

PP 1

PHYSICS IN PERSPECTIVE

A&R

PhD's Non-Ph s

5823 Gravitational fields,
gravitons

26 8

6014 Cosmology 16 8

6015 Galaxies 45 17
6018 Quasars, pulsars, x-ray

sources
84 40

6035 Relativity, gravitation 77 35

PP 2 AME

5673 Chemical kinetics, gas
phase, and photochem-
istry

26 18

5684 Flames and explosives 8 32
5693 Molecular spectroscopy 101 51
5694 Molecular structure 26 17
5696 Quantum and valence theory 22 9

5791 Atomic and molecular ions 51 38

5792 Atomic, molecular, and
electron beams

106 66

5793 Atoms with Z > 2 47 17

5794 Collision processes 208 93
5795 Free radicals 6 7

5796 Hydrogen and helium atoms 22 30

5797 Inorganic molecules 3 9

5798 Macromolecules and polymers 69 24
5801 Mesic and muonic atoms and

molecules
11 7

5802 Organic molecules 8 10
5809 Other (atoms and molecules) 52 28
5942 Kinetic theory 14 4

Overlap Group

5861 Quantum mechanics (1/2) 29
5986 NMR-EPR instrumenta-

tion (1/4)
5

Spectroscopy (1/2)
5678 Electronic spectroscopy

including far uv
7

5891 Spectroscopy 71 75
5998 Spectroscopes 5 12

X rays (1/5)
5818 X rays and gamma rays 12 15
6004 X-ray instrumentation 8 13

Modern optics (1/4)
5698 Scattering phenomena 3 3

5814 Interaction of electromag- 27 19

netic waves with matter
5884 Lasers 82 71,

5885 Nonlinear optics 20 10
5983 Lasers and masers 6 10
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PP 3 EP

5821 Cosmic rays

5822 Electromagnetic fields,
photons

5824 Hadrons
5825 Leptons
5826 Quantum field theory

5829 Other (elementary-par-
tidies and fields)

PhD's Non-PhD's

99
94

741

94
129
111

41

48

312
42
73

66

Overlap Group

5861 Quantum mechanics (1/4) 14 3

Beams (1/2)

5973 Beam handling 8 6

5988 Particle accelerators 63 40

5991 Particle and beam sources 5 5

5992 Particle detectors 21 26

PP 4 NP

5695 Nuclear and radio

chemistry

6 13

5697 Radiation and hot-atom
chemistry

5 7

5871 Nuclear decay and radio

activity

132 84

5-872 Nuclear reactions and
scattering

593 279

5873 Nuclear structure and
energy levels

400 198

5879 Other (nuclei) 220 186

5966 Health and medical
physics

162 336

5987 Nuclear Reactors 128 138

Overlap Group

X rays (1/5)
5818 X rays and gamma rays 12 15

6004 X-ray instrumentation 8 13

Beams (1/2)

5973 Beam handling 8 6

5988 Particle accelerators 63 40

5991. ,Particle and beam
sburces

5 5

5992 Particle detectors 21 26



1774 PHYSICS IN PERSPECTIVE

PP 5

PP 6

P&F

PhD's Non-PhD's

5831 Dispersions and colloids 8 /

5832 Electric discharges 51. 37
5833 Fluid mechanics 257 145
5834 Gases 20 13
5835 Ionization 1 5
5836 Liquids 23 21
5849 Other (fluids) 24 38
5853 Continuum 63 24
5937 Magnetofluid dynamiOs 28 11
5838 Plasmas 488 211
5994 Plasma containment 8 12

Overlap Group

Thermal (3/10)
5682 Equilibrium and thermo- 2 1

dynamic relationships
5941 High-temperature physics 8 4
5944 Phase transitions and 14 9

changes of state
5945 Statistical mechanics 20 8
5946 Thermal measurement 5 7

techniques
5947 Thermal properties 4 6
5948 Thermodynamics 5 9
5951 Transport phenomena 14 8
5959 Other (thermal physics) 6 5
5981 High temperature instru- 0

mentation
6002 Thermometric instrumen- 0 3

tation
5775 Shock waves (4/5) 28 38

CM

5671 Catalysis 5 2
5674 Chemical kinetics, liquid 4 1

phase
5676 Crystallography 48 38
5692 Liquid state and solu- 10 6

tions; electrolytes and
nonelectrolytes

5701 Solid-state chemistry 23 9
5815 Magnetism 33 41
-5841 Quantum fluids 53 22
5856 Many-body theory 31 14
5858 Plasticity 7 3
5862 Statistical mechanics 52 11
5902 Alloys 54 29
5903 Crystal growth 43 31
5904 Crystal structure 30 29



PP 6

Appendix 13 1775

CM

5905 Dendrites and composites

5906 Dielectrics
5907 Diffusion in solids
5908 Electron states
5911 Electron transport and

carrier properties

PhD's Non-PhD's

6

41
46

139
156

3

33

17

55

87

5912 Imperfections 105 42

5914 Lattice mechanics 60 34

5915 Luminescence 66 41

5916 Magnetic properties 242 125

5917 Magnetic resonance 258 126

5918 Mechanical properties 89 50

5921 Metallic conductors 29 17

5922 MOssbauer effect 74 36

5923 Noncrystalline states 34 17

5924 Optical properties 218 110

5925 Semiconductors 305 254

5926 Solid-state devices 311 237

5927 Superconductors 174 91

5928 Surfaces, interfaces,
films

260 232

5931 Thermal properties of
solids

33 39

5939 Other (solids) 145 135

5943 Low-temperature physics 158 92

5978 High-pressure instru-
mentation

8 10

5982 Information storage 20 27

5997 Semiconductors 10 28

Overlap Group

Mechanics (1/4)
5861 Quantum mechanics 14 3

NMR & EPR (3/4)
5986 NMR-EPR instrumentation 15 14

Mechanical (1/2)
5854 Elasticity 10 5

5855 Friction 1 4

6003 Vacuum 11 38

Ultrasound (/3)
5777 Ultrasonics 51 52

5901 Acoustic properties 20 10

X rays (3/5)
5818 X rays and gamma rays 36 45

6004 X-ray instrumentation 24 39

Measurement and instru-
ments (1/2)

5811 Electrical quantities and 10 26

their measurement

3 2 1



1776 PHYSICS IN PERSPECTIVE

PhD's Non-PhD's

PP 6 CM

Overlap Group

5857

5913

5976

Measurement of mechan-
ical properties

Interaction of radiation
with solids
Electronics

13

94

51

23

64

160

6009 Other (instrumentation) 41 108
6037 Onits, constants, sten-

dards, conversion factors
2 6

Shock waves (1/5)
5775 Shock waves 7 9

Thermal (7/10)
5682 Equilibrium and thermo-

dynamic relationships
4 3

5941 High-temperature physics 19 8

5944 Phase transitions, changes
of state

33 20

5945 Statistical mechanics 47 18

5946 Thermal measurement
techniques

11 16

5947 Thermal properties 10 15

5948 Thermodynamics 12 20

5951 Transport phenomena 33 19

5959 Other (thermal physics) 13 12

5981 High-temperature instru-
mentation

1 4

6002 Thermometric instrumenta-
tion

1 6

Modern optics (1/4)
5698 Scattering phenomena 3 4

5814 Interaction of electromag-
netic waves with matter

27 19

5884 Lasers 20 10

5885 Nonlinear optics 20 10

5983 Lasers and masers 6 10

PP 7 E&P

4991 Aeronomy 24 27

4992 Air-sea interaction 1 4

4993 Atmospheric chemistry and
radioactivity

11 7

4994 Atmospheric dynamics,
thermodynamics

7 17

4995 Atmospheric electricity 6 9

4997 Aurora, airglow 9 20

4998 Cloud and precipitation
physics

16 15



PP 7 E&P

5001 Cosmic rays
5002 Ionosphere
5003 Mesometeorology
5004 Micrometeorology
5005 Numerical modeling
5006 Planetary atmospheres
5007 Radiative transfer
5008 Turbulence and diffusion
5009 Other (atmospheric struc-

ture and dynamics)
5028 Rocket meteorology
5031 Satellite meteorology
5161 Exploration, gravity
5162 Exploration, magnetic
5163 Exploration, seismology
5164 Geomagnetism and paleomag-

netism
5165 Gravity
5166 Heat flow
5167 Physical properties of

natural materials
5168 Seismology
5171 Tectonics
5172 Volcanology
5179 Other (solid-earth geo-

physics)
5185 Physical oceanography
5191 Underwater sound
5199 Other (oceanography)
5302 Lunar and planetary geology
5331 Aeronomy
5332 Aurora and airglow
5333 Cosmic rays
5334 Geomagnetic pulsations
5335 Interplanetary particles

and fields
5336 Ionosphere
5337 Magnetospheric particles

and waves
5350 Atmospheric sciences
5360 Earth sciences

Overlap Group

Solar/planetary (1/2)
5338 Solar and planetary

physics
5341 Solar wind
5349 Other (solar/planetary)
6023 Sun
4996 Atmospheric optics and

acoustics (1/2)

Appendix 5 1777

PhD's Non-PhD's

6 4

28 34

1 5

0 5

13 9

14 8

31 21

12 10
18 17

0 0

0 0

2 5

5 3

24 23
5 12

3 8

1 1

16 9

12 24

1 0

0 0

21 8

11 14

0 0

10 14

7 10

23 12

23 16

11 30

7 3

26 14

17 20

78 50

33 46
24 39

26 20

11 5

6 5

46 21

15 12
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PP

PHYSICS IN PERSPECTIVE

8 PB

5688 Ion exchange and membrane
phenomena

5962 Bioelectricity
5963 Bioenergetics
5964 Biological molecules
5969 Other (biophysics)
6580 Biological and biomedical

sciences

PhO's Non-Phi:Os

3

21

8

86

89

44

4

12

8

27

49
34

Overlap Group

Hearing (2/5)
5772 Hearing 6 6

5776 Speech 7 4

5961 Bioacoustics 3 2

Bio-optics (1/3)
5892 Vision 3 2

5965 Bio-optics 2 2

PP Optics

5813 Infrared, visible, and uv
radiation

42 142

5881 Colorimetry 7 16

5882 Geometric optics 31 208

5883 Holography 74 94

5886 Photography 24 114

5887 Photometry, radiometry,
and illumination

39 209

5888 Physics optics 98 144

5899 Other (optics) 104 286

5985 Microscopes 6 19

5993 Photographic instrumenta-
tion

7 43

Overlap Group

Measurement and instru-
ments (1/2)

5811 Electrical quantities and
their measurement

10 26

5857 Measurement of mechanical
properties

13 23

5913 Interaction of radiation
with solids

94 64

5976 Electronlcs 51 160

6009 Other (instrumentation) 41 108

6037 Units, constants, stan-
dards, conversion factors

2 6

Spectroscopy (1/2)

324
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PP 9 Optics

Overlap Croup

5678 Electronic spectroscopy
including far uv

5891 Spectroscopy
5998 Spectroscopes

Bio-optics (2/3)
5892 Vision
5965 Bio-optics

PhO's Non-Phi:Os

7

71

5

7

6

6

75

12

5

4

Modern optics (1/2)
5698 Scattering phenomena 6 7

5814 Interaction of electromag-
netic waves with matter

55 38

5884 Lasers 163 141
5885 Nonlinear optics 41 20
5983 Lasers and masers 12 21

5996 Atmospheric optics and
acoustics (1/2)

15 12

PP 10 Acoustics

5771 Architectural acoustics 10 35

5773 Music 8 7

5774 Noise 33 120

5778 Underwater sound 155 407

5781 Vibrations 21 55

5789 Other (acoustics) 33 57

OverZap Group

Ultrasound (1/3)
5777 Ultrasonics 26 26

5901 Acoustic properties 10 5

Hearing (3/5)
5772 Hearing 9

5776 Speech 9 6

5961 Bioacoustics 5 3

PP 11 Astrophysics

6011 Binary stars 23 19

6012 Clusters 14 1

6016 Interstellar medium 66 32

6021 Stellar composition 32 29

6022 Stellar evolution 50 22

6029 Other 129 85

12 Astronomy

5852 Celestial mechanics 61 69
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PP 13

PRYSICS IN PERSPECTIVE

Interplanetary

5301 Interplanetary matter
5304 Meteorites and tektites

5305 Planetary atmospheres
5306 Planetary magnetic fields

5309 Other (planetology)
6013 Comets, meteors, inter-

planetary medium
6017 Planets and satellites

PhD's

9

5

30

2

6

15

26

Non-PhD's

2

11

2

6

10

18

PP 14 Instrumentation

5972 Astronomical 32 29

5996 Radio astronomy 39 17

6001 Telescopes 5 14

PP 15 Overlap with E&P (1/2)

5338 Solar planetary physics 26 20

5341 Solar wind 11 5

5349 Other (solar/planetary) 6 5

6023 Sun 46 21


